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Abstract 
Introduction: 
 
The primary goal of the research was to assess the feasibility of minimally invasive 
surgical approaches to the cranial base. This was accomplished by conducting endoscopic 
anatomical studies demonstrating innovative surgical corridors. The aim was to detail the 
anatomy of these hidden areas, difficult to access by traditional surgical approaches, in 
order to facilitate minimally invasive intervention.  Endoscopic surgery minimizes the 
potentially severe morbidity and mortality of cranial base surgery. Most of the research that 
has been conducted in this area has focussed on the midline of the skull base. This 
research has looked at the viability of accessing the lateral regions. 
 
Methods: 
The anatomical studies were conducted at the Georgia Skull Base Research Laboratory 
located on the Georgia Regents University campus in Augusta, Georgia USA. This 
laboratory is equipped with endoscopy, latex injected cadavers and the necessary surgical 
dissection instruments. Each anatomical study incorporated appropriate endoscopic 
surgical technique to elaborate the specific anatomy. Photographic records were obtained, 
with subsequent discussion of pertinent findings. Objectively, measurements were made 
utilizing computed tomography. This quantified the amount of exposure in each of the 
surgical approaches. As each research project was completed it was submitted for 
publication in internationally peer-reviewed journals.  
 
Results: 
The endoscopic and open approaches provided access to the lateral regions of the skull 
base. The endoscopic approach, while more technically difficult, did provide a minimally 
invasive corridor. The objective measurements obtained from the computed tomographic 
scans verified this with less tissue removal when compared to the open approaches.  The 
photographic evidence also demonstrated similar access using either approach. 
 
Conclusion: 
The endoscopic endonasal approach to lateral regions of the skull base is anatomically 
feasible in select cases. The morbidity associated with brain retraction from the open 
approaches can be avoided. Further understanding of the endoscopic potential of this 
region can allow for advances in endoscopic endonasal surgery and improvement in the 
safety and efficacy of these procedures. 
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Introduction 
 
 
The dense neurovascular anatomy of the skull base presents a unique challenge for 
surgeons1,2,3,4. This is confounded by limited access and the need for radical tissue 
resection to obtain an adequate workable corridor. Even though pathology to this region is 
rare, therapeutic intervention is often required5. Advances in stereotactic radiation and 
other adjunctive therapies have been implemented to alleviate disorders of this region6. 
However there are still a wide variety of diseases affecting the skull base that necessitate 
surgical intervention, and if left untreated, result in mortality7. 
 
Neurosurgical technique has developed considerably over the years and has paralleled 
the evolution of medical science. Diagnoses of intracranial tumours were historically based 
on physical exam. With the advent of cranial x-rays and ventriculography, skull based 
tumours could be diagnosed with direct imaging. The technology of computed tomography 
and magnetic resonance imaging allowed for more precise tumour location and 
identification aiding surgical approach guidance. 
 
Imaging permitted the ability to locate the tumour. Surgical approaches were then 
developed to help remove the identified tumours. The first approaches were limited by the 
optical technology of the time. These were originally enhanced rudimentary magnification 
lenses. Large surgical corridors were used, however, as optical technology evolved into 
the operating microscope the amount of exposure was reduced. Microscopes allowed 
enhancement of the field of view, which helped to delineate finer critical neurovascular 
structures. Utilization of the microscope became the mainstay for open procedures and 
many surgical approaches including lateral and frontal corridors were developed based on 
this technology.  
 
Surgical advancement also paralled that of perioperative management. The improvement 
in anesthetic technique allowed for longer and safer operating times and permitted the 
surgeon with the time to undertake more difficult surgeries. Complex, multistaged 
procedures could be done while maintaining a safer anesthetized patient. Postoperative 
recovery was also enhanced with improved cardio-respiratory medical management and 
invasive/non-invasive monitoring. The use of specialty post-surgical intensive care wards 
also improved patient post operative outcomes.  
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The complex nature of the anatomy, and the availability of numerous treatment modalities 
have necessitated the use of multidisciplinary teams. These teams include surgeons, 
radiation oncologist, medical oncologists, and radiologists. Treatment team meetings have 
become increasingly popular because they allow for direct communication amongst 
specialists, which improves decision-making and coordination of care. Treatment teams 
can also tailor an individualized care plan for patients with numerous treatment 
possibilities. The overall goal is to provide the patient with an informed decision that would 
provide effective treatment of their illness while limiting morbidity and mortality.  Current 
research is promising as to the effectiveness of these teams8,9. 
 
Skull base surgery has traditionally utilized an open approach.  These types of approaches 
are still utilized with great frequency today. They provide a three-dimensional field of view 
with excellent magnification of the finer anatomic structures. Another advantage of a 
transcranial approach is that it is less complex when compared to endoscopic techniques. 
This usually translates as less operative time in the preparation of the surgical corridor. 
Transnasal approaches require multistaged approaches, which can increase the length of 
time of surgery.  Another advantage of an open procedure is that in the event of a 
complicated haemorrhage, control over the surgical field can be facilitated with greater 
ease.  
 
Unfortunately an open surgical approach requires extensive cranio-facial incision resulting 
in undesirable cosmetic outcomes4,10,11. A transcranial approach to skull base surgery also 
requires an adequate corridor for visualization with a surgical microscope. This 
necessitates retraction, and resection of vital anatomy. Commonly brain manipulation is 
required causing haemorrhage and potentially stroke12,13,14.  
 
The morbidity associated with the open approach has prompted the search for alternative, 
less invasive methods of creating sufficient surgical corridors. With advancements in 
optical technology, new avenues of visualization have been made available to the 
surgeon15,16. The development of the endoscope enabled the ability to peer deep into the 
corpus. This clear view of previously obstructed anatomy created the capability of 
minimizing the surgical window with tissue preservation. Endoscopic technology is now 
widely used by many surgical disciplines. Otolaryngology and neurosurgery have 
successfully applied the technology to create a variety of innovative approaches specific to 
the skull base17. These endoscopic approaches have helped improve patient outcomes, 
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reduced the length of hospital stays, and in some cases have provided an attractive 
alternative to open surgery18. 
 
A disadvantage to utilizing an endoscope is that the technology does not currently provide 
a 3 dimensional view. At times this makes it difficult to delineate anterior and posterior 
structures as well as the distance between them. Endoscopic technique also requires 
years of specialty training, as transnasal anatomy is very complex. Another disadvantage 
is that the surgical corridor is very small and even a small haemorrhage can quickly 
obscure the field of view and quickly creates a loss of vital landmarks.  
 
Other recent advances have included robotic surgery, which has opened new capabilities 
for head and neck operative approaches. Current research into robotic technique has 
shown that there are several advantages over both endoscopic and open approaches. 
Tremor filtrations, greater freedom of movement with instrument use and 3D visualization 
are areas that have demonstrated improved benefit19. However present research of 
robotics in head and neck research is limited and requires further investigation for accurate 
comparisons to current approaches. Attempts were made to acquire both robotic and 3D 
endoscopic equipment for incorporation into the research, however they were 
unsuccessful.  
 
Primarily, midline structures of the cranial base have been the focus of the surgical 
endoscope.  The nasal cavity provides a natural corridor directly to central structures of the 
skull base. This type of surgical corridor is now commonplace and is well suited to 
pathology located in the sellar region. An example of this would be pituitary surgery. 
However pathology located laterally would require additional resection of the skull base 
utilizing an alternative corridor. There is a limited amount of literature detailing the anatomy 
of these novel approaches.  The research objective is to expand the use of the endonasal 
endoscope beyond the midline of the skull base and examine these lateral surgical 
corridors.  
 
The study encompassed three stages: 1. Examining regions of the skull base that have 
had limited study. 2. Outlining the anatomy and 3. Comparing this with an equivalent 
lateral approach. Where possible, objective data was obtained utilizing computed 
tomographical studies and skull base measurements. 
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The region of the orbit was selected to ascertain if adequate surgical access could be 
obtained utilizing both endonasal and maxillary sinus corridors. Access to pathology of the 
orbit traditionally has required extensive craniofacial resection. However an anatomical 
study could possibly show the feasibility of access to this region via endoscopy and limit 
the amount of resection required. As part of the analysis surface area calculations were 
completed utilizing computed tomographic scans to provide estimations as to the size of 
the corridor. 
 
Meckel’s cave is part of the parasellar region located laterally to the pituitary. Two 
research projects were undertaken to discover the practicality of accessing this region, first 
with an endonasal approach only approach and then with both endonasal and 
transmaxillary combined. As part of the last study a transantral only examination was 
undertaken to assess the possibility of utilizing the maxillary sinus as the sole corridor.  A 
traditional open procedure utilizing a microscope was used to compare and contrast the 
anatomy seen from both approaches. Objective data was obtained utilizing measurements 
from dry skulls, estimating the area of exposure.  
 
The focus of the research was then directed towards the parapharyngeal region. This area 
of the skull base is not only lateral but is also located further rostrally making endonasal 
access technically difficult. To access this region with an endoscope combined 
approaches were completed utilizing endonasal and transmaxillary corridors. The research 
project focused specifically on the parapharyngeal region, with subjective analysis of the 
anatomy seen endoscopically and microscopically utilizing a subtemporal preauricular, 
infratemporal approach.  
 
Moving deeper into the skull base, the next set of research projects focused on the 
cerebellopontine angle. Minimally invasive access to the posterior cranial fossa was 
achieved utilizing a retrosigmoidal keyhole incision. Both microscopic and endoscopic 
views were achieved utilizing the same craniotomy to illustrate the differences between 
both approaches. A transcochlear approach was done to access the same region. This 
was contrasted with an endonasal approach. Volumetric and surface area calculations 
helped to elucidate the degree of tissue removal from both approaches. 
 
The research then focused on the management of complications. Arterial damage is of 
great concern during endoscopic surgery. The narrow corridor utilized by endoscopy limits 
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the conventional methods for arterial repair. This study looked at the conventional methods 
of controlling bleeding and then examined an innovative method of utilizing femoral artery 
closure devices for carotid repair.  
 
 
Methodology 
 
The anatomical studies were conducted at the Georgia Skull Base Research Laboratory 
located on the Georgia Regents University, school of medicine campus in Augusta 
Georgia, USA. This fully functional laboratory was created out of a need for in-depth 
analysis of innovative surgical approaches to the skull base. Equipment available included 
the use of operating microscopes and endoscopes, high-speed drills, micro-debriders, as 
well as appropriate irrigation and suction equipment, otoscopic and ophthalmologic sets 
and the appropriate tools for open surgery. The high definition endoscopes and 
microscopes also had the capabilities for image capture.  
 
The lab was formed under the strict guidelines set about by the United States government 
for research and handling of human specimens. The laboratory is fully accredited and has 
met all appropriate standards. It was certified with a BLS2 designation. The human 
cadaveric specimens were obtained and processed according to the guidelines set out by 
the state of Georgia. In addition the appropriate internal review board approval from 
Georgia Regents University was obtained. 
 
For each of the research projects the cadaveric specimens were preserved in alcohol and 
the vasculature was injected with red and blue latex to delineate the arteries and veins 
respectively. The dissections were undertaken in conditions that closely approximated a 
surgical theatre. This included proper positioning, use of a high definition endoscope and 
utilization of the appropriate surgical instrumentation. A microscope was utilized for the 
open approaches.  
 
Upon completion of the dissections, photographic images were obtained using the digital 
capture function of the endoscope. A digital camera was used for the microscope through 
the use of a special adapter.  
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Virtual dissections and computed tomographic analysis were accomplished using the 
computer program OsiriX (Pixmeo, Switzerland), on the Apple Macintosh operating 
system.  OsiriX is an open-source DICOM image viewer with the ability to render 
simulations in three dimensions, and compute surface area and volume. Data was 
collected from a database of 173 adult CT scans consisting of 105 males and 68 females.  
The entire database was submitted to the Internal Review Board for approval. All of the 
specimens were above the age of 18. The scans were performed between October 2011 
and December 2012. 
 
The training necessary for the utilization of the surgical equipment was extensive. The 
user needed to be instructed in proper surgical technique. Facile use of the endoscope 
required much practice. This was complicated by the two-dimensional format of 
visualization of current endoscopy. In-depth knowledge of the reading of CT scans was 
essential in localizing the correct surgical landmarks and anatomy. Training was also 
required for the use of the OsiriX software. After proper instruction in the use of this 
versatile program, the volume rendered 3D images and virtual dissections were obtained. 
Knowledge of statistical analysis and interpretation were also required to interpret the 
objective data.  
 
One of the limitations of the research was the subjective nature of the analysis. The 
dissections were compared and contrasted on the basis of the subjective interpretation of 
the researcher.  The dissections were prepared using appropriate surgical technique, 
however the degree of exposure could vary between dissections. The quality of the 
dissection also depended on the skill and experience of the operator. These factors 
inherently created some bias to the studies. However the subjective evidence can be 
considered preliminary data outlining the feasibility of an innovative approach to the skull 
base. The goal of the photographic evidence was to provide the surgeon with an 
understanding of the complex anatomical relationships of the skull base. 
 
To aid in increasing validity of the studies, objective analyses were obtained through the 
use of measurements of CT radiographs. The measurements were based on finding the 
correct landmarks on multiple individual CT scans. Due to the complex nature of skull base 
anatomy and normal anatomical variation between individuals, locating the landmarks was 
difficult. This can cause variation when another observer attempts to do the same 
measurement on the same individual.  
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Another threat to the validity to the CT measurements is the calculations of the surface 
area and volume. Skull base anatomy is complex and three-dimensional and there is 
rarely a surface on the skull base that is completely flat. The CT scan is created in slices 
that are flat, and this becomes the basis of measurement for both surface area and 
volume. This means that measurements utilizing computer software of CT scans should 
essentially be intended as estimates. However some studies have shown that such 
measurements can closely approximate real data20. 
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Section 1 - Orbit Region 
Introduction 
This section examines the publication that focussed on endoscopic access to the medial 
and inferior regions of the orbit. Metric analysis of the access was provided utilizing 
computed tomographic studies.  
Anatomic analysis specific for the endoscopic approach to the inferior, medial and 
lateral orbit.  
Van Rompaey J, Bush C, Solares C.  
Orbit 2014 Apr;33(2):115-23 
Publication Summary 
This publication documents surgical corridors using endoscopy to the medial and inferior 
areas of the orbit. The medial section was accessed endonasally and the inferior section 
via a transantral approach. CT scans were used to measure the surface area of access for 
the two approaches. A possible complication with the transantral approach is transection 
of the infraorbital artery/nerve. Measurements were used to isolate its path on the floor of 
the orbit.  
Candidates Contribution 
The majority of data collection, analysis and preparation of the manuscript were performed 
by me. Carrie Bush and I completed the dissections. The findings were presented in part 
by Carrie Bush at the North American Skull Base Society Annual meeting in Phoenix, 
Arizona in 2011. They also comprised a poster presentation featured at the American 
Academy of Otolaryngology – Head and Neck Surgery, annual meeting in Chicago, Illinois, 
October 2012 and the North American Skull Base Society Annual Meeting in Miami, 
Florida, February 2013.  
Significance of Work 
This study demonstrated the anatomy that can be accessed with endoscopic approaches 
to the inferior and medial portions of the orbit. The CT measurements provided quantitative 
data and permitted an understanding of the degree of access that can be achieved. In 
addition the infraorbital nerve/artery location was determined in relation to the orbital floor. 
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This is an essential landmark in the transantral approach to prevent accidental transection 
and has never been documented before. 
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Anatomic Analysis Specific for the Endoscopic
Approach to the Inferior, Medial and Lateral Orbit
Jason Van Rompaey1,2, Carrie Bush1, and C. Arturo Solares1
1Georgia Skull Base Surgery Center, Department of Otolaryngology, Georgia Regents University School of
Medicine, Augusta, Georgia, USA and 2Queensland Skull Base Unit, Princess Alexandra Hospital and the
School of Medicine, The University of Queensland, Brisbane, Queensland, Australia
ABSTRACT
Introduction: The endoscopic approaches to the medial and inferior orbital walls have continued to grow
in popularity. The ability to provide a safe approach to the orbit through this technique has been described
in a handful of studies. Even though metric analyses have been conducted on orbital anatomy, few have
outlined the anatomical relations pertinent to endoscopic surgery. The goal is to provide improved
understanding of the complex anatomy encountered through anatomical dissections and metric analysis of
the orbit. This information could assist in approach selection during preoperative planning.
Methods: Anatomical dissections via transantral and endonasal approaches were used to define the limits with
current endoscopic sinus surgery instrumentation. The surface area was then calculated of the floor and medial
wall to assess access created by the approaches. The path of the infraorbital canal was conducted to assess its
placement within the orbital floor.
Results: The transantral and endonasal approaches to the orbit provided an adequate surgical window inferiorly
and medially. This was confirmed by the surface area calculations. Access laterally was also possible, however,
it became limited as dissection advanced superior to the lateral rectus muscle. The infraorbital canal was
located consistently at midline on the orbital floor.
Conclusion: Endoscopic access to the medial and inferior parts of the orbit is feasible and creates adequate access
with current instrumentation. Knowing the surgical boundaries and the amount of exposure created can assist
the surgeon in deciding a minimally invasive approach.
Keywords: Endoscopic approach, sublabial, transantral approach, transmaxillary
INTRODUCTION
The orbit is an enclosed space with highly complex
and critical anatomy. Much like the cranial vault,
space-occupying pathology has the potential to
disrupt normal functioning, including loss of
vision.1 The critical nature of orbital surgery demands
skill, experience, and an appropriate surgical corridor.
The challenge has been to develop a surgical approach
that achieves the goal of obtaining complete tumor
removal while preserving the anatomy and function-
ality of the orbit.
The endoscope has become an invaluable surgical
tool allowing direct visualization with minimally
invasive access. This technology has created endo-
scopic assisted surgery, providing an alternative to
major resection through a smaller surgical corridor.
The endoscope has been employed in a wide
range of disciplines at great benefit to the patient.
Shorter hospital stays, with lessened morbidities
and better cosmetic outcomes have been well
documented.2
Anatomical reports have been published3 and there
have been numerous metric analyses of the orbit.4,5,6,7
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However many of the studies focus on the proper
placement of injections into the infraorbital canal for
maxillofacial surgery or targeted towards other inter-
ventions. There have been few investigations into the
anatomic relationships as it pertains to endoscopic
surgery. Creating a deeper understanding of these
associations could aid surgeons in selecting the ideal
approach to the orbit.
The aim of this study is to carefully define the
anatomy of the orbit from the perspective of transan-
tral and endonasal endoscopic approaches. Anatomic
dissections in endonasal and transantral corridors
are used to define the limits of endoscopic dissection
and highlight the anatomy viewed. Utilizing objective
measurements based on computed tomography the
surface area of the orbital floor and medial orbital wall
are calculated. This metric analysis will enable the
surgeon to understand the degree of exposure that
can be created using an endoscopic approach. The
location of the infraorbital canal within the floor of the
orbit is also analyzed. Knowing the approximate
location of the infraorbital canal can prevent possible
transection during endoscopic surgery. Also its place-
ment can aid in the decision of lateral or medial
approaches.
MATERIALS AND METHODS
Specimens
Nine cadaveric specimens were obtained and eighteen
orbits were dissected. Five specimens (10 orbits) were
used for the endonasal dissection and four were
used for the transantral approach. The specimens
were selected based on the closeness to time of death
and patent vasculature. They were preserved in
alcohol and injected with red and blue latex according
to the technique outlined by Sanan et al.8 This allowed
discrimination between the arterial and venous
structures and provided clear visualization of the
anatomical relationships.
Endonasal Endoscopic Dissection Technique
The cadaver head was placed at a 90-degree angle
and slightly tilted to the surgeon. Zero, 30- and 45-
degree scopes (Stryker, Kalamazoo MI) were used
during the dissection. A high-definition camera
and monitor were used for visualization (Stryker,
Kalamazoo MI). Basic sinus instruments were used
for dissection.
The middle turbinate was excised on the side of
the orbit of interest to increase the area of the nasal
corridor. Bilateral uncinectomies were then per-
formed, followed by bilateral middle meatal antros-
tomies. The ethmoid bulla was then removed and the
remainder of the anterior and posterior ethmoidect-
omy was completed. Bilateral sphenoid ostia were
identified. The posterior nasal septum was then
fractured from the sphenoid rostrum and a posterior
septectomy (Figure 1) was completed. This allowed
for increased access to the orbital apex as described
by Murchison et al.9
A wide bilateral sphenoidotomy was then created.
This allowed for visualization of the optic canal as it
enters the sphenoid sinus, as well as the location
of the internal carotid arteries. The remainder of
the skull base and lamina papyracea was then
skeletonized and removed.
The periorbita was then incised in a horizontal
fashion from posterior to anterior. The periorbital fat
was then dissected until the underlying structures
were visualized. A 30-degree endoscope was benefi-
cial in this portion of the dissection as the course
of the infraorbital nerve may be identified in the
superior aspect of the maxillary sinus.
TABLE 1. The surface area calculations of the orbital floor and medial orbital wall (N= 30, 15 female, 15 male).
Anatomical Location Sex
Average Surface
Area (cm2) SD (cm2)
95% Confidence
Interval-range (cm2)
95% Confidence
Interval
Orbital Floor Male 4.33 0.608 4.02 to 4.63 0.308
Female 3.71 0.932 3.23 to 4.18 0.472
Medial Orbital Wall Male 3.34 0.391 2.94 to 3.73 0.475
Female 2.98 0.346 2.53 to 3.33 0.544
TABLE 2. The lateral versus medial position of the infraorbital canal in the orbit at the level of the
posterior globe.
Average Lateral v Medial
Distance (cm) SD (cm)
95% Confidence
Interval-range (cm)
95% Confidence
Interval (cm)
!0.030 0.306 !0.139 to 0.080 0.110
A value of 0 indicates the midline. A negative value indicates medial placement (N= 30).
2 J. Van Rompaey et al.
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Once this stage of the procedure was complete, the
inferior and medial rectus muscles are identifiable
(Figure 2). Dissection was then directed between
the inferior and medial rectus muscles to approach
the optic nerve and orbital apex (Figure 3). Further
access to the proximal optic nerve was obtained by
drilling the lateral sphenoid ostium. This permits
further entrance to the orbital apex and exposes
the annulus of Zinn. The superior oblique muscle
was then identified as it becomes confluent with
the sphenoid periosteum (Figure 4).
Transantral Endoscopic Dissection
Technique
This endoscopic approach utilized a sublabial trans-
antral corridor. The superior labium was retracted,
an incision was made at the gingiva-buccal sulcus and
the subperiosteum was dissected from the maxillary
FIGURE 1. A posterior septectomy permits access to the orbital
apex via the contralateral nasal cavity. This improves the angle
of approach for dissection of the orbital apex and may be used
to facilitate a four-hand surgical technique.
FIGURE 2. The periorbita is removed to reveal the underlying
medial rectus (MR) and inferior rectus (IR) muscles. With
dissection of periorbital fat the globe (G) may also be
visualized.
FIGURE 3. Further dissection permits access to the medial
and inferior aspects of the orbital apex. The optic nerve (ON)
and branches of the ophthalmic artery (OA) are visualized.
FIGURE 4. The superior oblique (SO) muscle may be visualized
as it joins the periosteum of the sphenoid sinus medially.
The posterior ethmoidal artery (PEA) passes through bony
foramina to enter the skull base.
Orbit Endoscopic and CT Analysis 3
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bone to reveal the anterior wall of the maxillary
sinus. A 10-mm keyhole incision was made using
a high-speed drill (Stryker, Kalamazoo MI). This
was done slightly inferior to the infraorbital nerve
foramina approximately midline to the orbit.
A 45-degree endonasal endoscope (Stryker,
Kalamazoo MI) was advanced into the maxillary
cavity. The mucosa was removed with the use of
a microdebrider (Medtronic, Minneapolis, MN).
The posterior wall of the maxillary sinus was
removed with the use of a high-speed drill; back
biting forceps and a freer elevator. After this dissec-
tion, V2 was identified and then followed laterally
and anteriorly, as it becomes the infraorbital nerve.
Using a microsurgical technique with functional
endoscopic sinus surgery instrumentation, the infer-
ior wall of the orbit was removed lateral to the
infraorbital nerve and artery (Figures 5 and 6).
The inferior rectus muscle was identified and
superiorly the inferior division of the oculomotor
nerve. The periorbital fat was gently removed to
expose the lateral rectus muscle laterally. The optic
nerve was then uncovered along with the long and
short ciliary nerves and the ciliary ganglion (Figure 7).
Care was taken to preserve the associated vascular
structures.
Computed Tomography Analysis
Thirty CT angiograms (15 male, 15 female) of the
head and neck were randomly selected from an IRB
approved database of 179 anonymized scans. The age
range was from 20 to 86 years old and the studies
were collected within the dated range of October 2011
to December 2012. The same scans were utilized
for all calculations. Right versus left side was also
selected randomly for each metric analysis.
The CT scans were examined using OsiriX software
(Pixmeo, Switzerland), an open source DICOM
image viewer that is compatible with the Apple
Mac operating system. Surface area was calculated
based on the analysis of linear measurements within
the orbit. Definition of the limits for surface area
FIGURE 5. Right transantral endoscopic view of the inferior
orbital floor (removed) showing the dissection of the posterior
wall of the maxillary sinus (PwMS) revealing the internal
maxillary artery (IMA). The infraorbital nerve and artery were
used as landmarks for the medial border of the dissection.
FIGURE 7. Right transantral endoscopic view of the retro-
orbital contents.
FIGURE 6. Right transantral endoscopic view of the inferior
orbital floor dissection lateral to the infraorbital nerve and
artery. IR – inferior rectus muscle.
4 J. Van Rompaey et al.
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was based on the experience with the boundaries
encountered during the cadaveric dissections.
Drawing a line slightly posterior to the globe in an
axial CT created the anterior limit for the surface area
of the orbital floor. The CT slice was selected at the
approximate level where the optic nerve attached to
the globe. At this level both the medial and lateral
rectus muscles were visible. The lateral and medial
orbital walls became the respective lateral and medial
boundaries (Figure 8).
Similarly for the medial orbital wall the anterior
boundary was the posterior globe. The x, y position
was selected in a sagittal view where the optic canal
attaches to the globe. The sagittal slice where the
medial rectus muscle can be viewed was then selected
to complete the measurements. The x-y coordinate
selected became the point through which the anterior
border was formed. The superior and inferior
limits were then defined by the orbital floor and
roof (Figure 9).
A coronal view was used to measure the position
of the infraorbital canal within the orbital floor. A slice
was selected just posterior to the globe at the attach-
ment point of the optic nerve. A superior-inferior line
was drawn from the infraorbital canal that equally
transected the superior rectus muscle. A medial-
lateral line was drawn that was slightly inferior to
the medial rectus and lateral rectus muscles.
Measurements were then observed where the vertical
line transected the horizontal line (Figure 10). This
gave a lateral and medial approximation of the
infraorbital canal at this level within the orbital
FIGURE 8. Illustration of the boundaries of the surface area calculation of the orbital floor outlined in green on axial CT with
corresponding 3D volume rendering.
FIGURE 9. Illustration of the boundaries of the surface area calculation of the orbital medial wall outlined in green on sagittal CTwith
corresponding 3D volume rendering.
Orbit Endoscopic and CT Analysis 5
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floor. The lateral measurement was subtracted from
the medial measurement. A zero value would corres-
pond with exact medial placement and positive or
negative values would indicate lateral or medial
placement respectively. The measurements were
constructed in this manner to utilize the globe as the
reference point and to represent the view created
during a transantral endoscopic approach. A meas-
urement of the infraorbital canal at the level posterior
to the globe was felt to be of greatest use to the
surgeon.
RESULTS
Endonasal Endoscopic Dissection
Five cadaveric specimens were dissected to allow
endoscopic endonasal approaches to 10 orbits.
The endonasal approach allowed for visualization
of the medial contents and apex of all 10 orbits.
A middle turbinate resection on the ipsilateral side
of the orbit allowed for appreciable gain in ability
to visualize and maneuver within the orbital confines.
The use of a posterior septectomy was noted to
improve access when working posterior to the lamina
papyracea at the level of the orbital apex, or annulus
of Zinn.
Complete dissection of the paranasal sinuses was
paramount in providing landmarks and access
throughout the dissection. Dissections of the basal
lamellae were carried out in routine order, allowing
for safe skeletonization of the lamina papyracea and
skull base. A wide sphenoidotomy was performed
in all specimens. The path of the optic nerve was
identified in all sphenoid sinuses, and served as an
additional landmark in dissection. The optic nerve
and carotid arteries were noted to be bony-covered
in all specimens.
Basic endoscopic sinus surgery equipment was
used for the entirety of the dissection. A 0-degree
endoscope was sufficient for visualization throughout
the approach. However, a 30-degree endoscope was
beneficial when accessing the orbital floor through
the maxillary sinus. This allowed for increased com-
fort when dissecting around the infraorbital nerve.
A 30-degree scope also provided an advantage at
the level of the orbital apex. Although the anterior
ethmoidal artery could conceivably interfere with the
plane of dissection, in all 10 orbital dissections the
ethmoidal arteries were avoidable. As anticipated,
the medial and inferior aspect of the orbital apex was
most readily accessible. The optic nerve serves as the
predominant structure preventing access to the lateral
and superior boundaries of the orbital apex through
the endoscopic endonasal approach.
Transantral Endoscopic Dissection
Four cadaveric specimens were dissected to allow the
approach to eight orbits. The inferolateral access
of the retrobulbar orbit was obtained with the
transantral approach. With the assistance of a
FIGURE 10. Illustration of the methodology used for creating the calculation of the placement of the infraorbital canal within the
orbital floor at the level of the posterior globe. The vertical green line extends from the infraorbital canal and transects the superior
rectus muscle. The horizontal green line is placed slightly inferior to the medial and lateral rectus muscles. The purple lines indicate
the actual measurements used to analyze the medial versus lateral location. This is the coronal CT scan used for the measurement with
the corresponding 3D volume rendering.
6 J. Van Rompaey et al.
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dissecting deeper structures while using an endo-
scope the closer structures can be obscured from view.
This creates the potential for damage as the endo-
scopic and other instruments are being utilized.
For pathology extending superolaterally, an open
approach may be worth consideration. For inferolat-
erally located pathology a transantral approach could
be deliberated.
The endoscopic transantral approach utilizes the
natural workable space of the maxillary sinus to create
direct access to the floor of the orbit. A transantral
approach has been used in the past for the repair
of the orbital floor and was found to be a natural
workable corridor.11,12 The procedure used an endo-
scope for visualization. It would seem like a natural
progression to use this corridor to penetrate deeper
into the retrobulbar space. This could provide an
attractive alternative to a lateral orbitotomy to
access the same pathology. It would also obviate the
need to remove the medial maxillary wall and the
associated intranasal anatomy. This would, in turn,
decrease the overall operative time. The minimally
invasive access point does not require a skin inci-
sion, which would also provide excellent aesthetic
outcomes.
The transantral corridor proved to be very quick
and simple to create. The utilization of an angled
endoscope was useful in creating adequate visualiza-
tion of the orbital floor. Dissection proceeded super-
iorly to the optic nerve without difficulty. Extending
past this limitation proved challenging secondary
to the length of the endoscopic endonasal instru-
ments used. Overall adequate inferior exposure was
achieved. This correlated with a surface area of about
4 cm2 for the orbital floor.
Even though the exposure was adequate to view
the inferior structures, the corridor was small. This
could prove to be challenging if the tumor extends
over a larger area. Because the corridor is small, repair
of bleeding vessels could be challenging especially if
a larger arterial structure is ruptured. Another disad-
vantage is the need for specialized instrumentation.
Current skull base sets may not be adequate, as the
corridor is angled and most skull base surgery utilizes
a direct modality.
A sublabial incision itself can also be a disadvan-
tage. Historically this incision has been associated
with postoperative pain.13 However contrasting
this with the postoperative pain from a posterolateral
or a transcranial approach, it could be considered
minimal.
The CT scan analysis provides information about
the size of the surgical window that can be created
with the endoscopic approaches. This information is
essential in pre-surgical planning as the size and
placement of the tumor is the key factor in choosing
the approach. CT calculations can be applied during
the planning stages of surgery and can help elucidate
if the particular approach offers a large enough
window to resect the tumor.
CT scan analysis is also integral to understanding
the anatomical relationship of the infraorbital canal
within the orbital floor. Placement of the infraorbital
canal can be important when planning a surgical
approach. Knowledge of the placement of the canal
within the orbit could prevent possible transection
during endoscopic surgery. The location of this canal
also indicates the presence of the inferior rectus
muscle and the inferior division of the oculomotor
nerve superiorly.
According to the metric analysis the infraorbital
canal is located midline to the orbit. This can be
estimated during surgical dissection with placement
of either surgical instruments or the endoscope
directly at midline with the globe. With a reasonable
amount of certainty the infraorbital canal at the level
of the posterior globe will be located at midline within
a few millimeters. With the midline placement, path-
ology located more medially could be more suited to
an endoscopic approach. Similarly a tumor located
more laterally to the midline may be more suited to
an open approach. This would prevent the possibility
of damage to the infraorbital nerve and artery.
The OsiriX software has been shown to accurately
calculate volumes and distances in prior studies.14,15
This was the reason the OsiriX system was used
for this study. However, it is important to note that
the calculations completed by OsiriX should be
considered estimations of actual values. The meas-
urements were linear, while the actual anatomy
follows a curved and dimensional path. These vari-
ations in measurements were limited by consistently
utilizing the same landmarks on each CT scan. This
was used to increase the validity and reproducibility
of the analysis. It should be noted that there can be
natural variation of the anatomy between patients
and this is a limitation to this study.
Cadaveric studies permit the surgeon to venture
into territory that may be unsafe in the living patient.
In our study we were able to approach all 10 orbits
endonasally and 8 transantrally without difficulty.
However, there are certain considerations in tech-
nique required for the living patient. Of these,
a primary concern is obstruction of view by periorbi-
tal fat. In past studies regarding endoscopic orbital
decompression, the recommendation is made to make
the periorbital incision from posterior to anterior;
this allows for maximum visualization of the
working space as periorbital fat herniates. Likewise,
in the orbital apex approach it has been recommended
that the surgeon leave the lamina papyracea intact
if the lesion permits.15 Secondary to the presence
of abundant periorbital fat, the extraocular muscles
may be difficult to identify. McKinney et al. describe
a technique to retract the rectus muscles with vessel
loops. This allows for increased tension on the
8 J. Van Rompaey et al.
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muscle, allowing for improved maneuverability when
dissecting between the medial and inferior rectus
muscles.16
CONCLUSION
The surgical approach to the orbit is largely deter-
mined by tumor size, location and surgeon’s experi-
ence. Ultimately this will determine if an open or
minimally invasive approach needs to be undertaken.
In some cases minimally invasive techniques can
obviate the drawbacks of open approaches, provide
an alternative method of access. Gaining better
understanding of the endoscopic anatomy can help
provide the surgeon with alternative operative corri-
dors and thereby expanding the armamentarium.
An endoscopic approach to the orbit is anatomically
feasible. The morbidity associated with an open
approach could possibly be avoided, improving
patient outcomes. Further understanding of the endo-
scopic anatomy of the orbit can allow for advances
in surgery with improved safety and efficacy.
DECLARATION OF INTEREST
The authors report no conflicts of interest. The authors
alone are responsible for the content and writing of
the paper.
All financial and material support for this research
and work was provided by the Department of
Otolaryngology at Georgia Regents University.
REFERENCES
1. Lin LK, Andreoli CM, Hatton MP, Rubin PA. Recognizing
the protruding eye. Orbit 2008;27(5):350–355.
2. Snyderman CH, Pant H, Carrau RL, et al. What are
the limits of endoscopic sinus surgery?: the expanded
endonasal approach to the skull base. Keio J Med 2009;
58(3):152–160. Review.
3. Abuzayed B, Tanriover N, Gazioglu N, et al. Endoscopic
endonasal approach to the orbital apex and medial orbital
wall: anatomic study and clinical applications. J Craniofac
Surg 2009;20(5):1594–1600.
4. Schultheib S, Petridis AK, El Habony R, et al. The
transmaxillary endoscopic approach to the orbit. Acta
Neurochir 2013;155(1):87–97.
5. Xu H, Guo Y, Lv D, et al. Morphological structure of the
infraorbital canal using three-dimensional reconstruction.
J Craniofac Surg 2012;23(4):1166–1168.
6. Abed SF, Shams PN, Shen S, et al. Morphometric and
geometric anatomy of the caucasian orbital floor. Orbit
2011;30(5):214–220.
7. Hwang SH, Kim SW, Park CS, et al. Morphometric analysis
of the infraorbital groove, canal, and foramen on three-
dimensional reconstruction of computed tomography
scans. Surg Radiol Anat 2013;35(7):565–571.
8. Sanan A, Aziz K, Janjua R, et al. Colored Silicone injection
for use in neurosurgical dissections: anatomical technical
note. Neurosurgery 1999;45:1267–1271.
9. Murchison AP, Rosen MR, Evans JJ, Bilyk JR. Posterior
nasal septectomy in endoscopic orbital apex surgery.
Ophthal Plast Reconstr Surg 2009;25(6):458–463.
10. Fujii K, Chambers SM, Rhoton AL. Neurovascular rela-
tionships of the sphenoid sinus. A microsurgical study.
J Neurosurg 1979;50(1):31–39.
11. Cebula H, Lahlou A, De Battista JC, et al. Endoscopic
approaches to the orbit. Neurochirurgie 2010;56(2–3):
230–235.
12. Nishiike S, Nagai M, Nakagawa A, et al. Endoscopic
transantral orbital floor repair with antral bone grafts.
Arch Otolaryngol Head Neck Surg 2005;131(10):911–915.
13. Massimi L, Rigante M, D’Angelo L, et al. Quality of
postoperative course in children: endoscopic endonasal
surgery versus sublabial microsurgery. Acta Neurochir 2011;
153(4):843–849.
14. Kim G, Jung HJ, Lee HJ, et al. Accuracy and reliability of
length measurements on three-dimensional computed
tomography using open-source Osirix software. J Digit
Imag 2012;25(4):486–491.
15. Logan CJ, Clutton-brock TH. Validating methods for
estimating endocranial volume in individual red deer
(cervus elaphus). Behav Proc 2013;92:143–146.
16. McKinney KA, Snyderman CH, Carrau RL, et al. Seeing
the light: endoscopic endonasal intraconal orbital tumor
surgery. Otolaryngol Head Neck Surg 2010;143(5):699–701.
Orbit Endoscopic and CT Analysis 9
! 2013 Informa Healthcare USA, Inc.
Or
bit
 D
ow
nlo
ad
ed
 fr
om
 in
for
ma
he
alt
hc
are
.co
m 
by
 R
ob
ert
 Jo
y o
n 0
1/1
3/1
4
Fo
r p
ers
on
al 
us
e o
nly
.
 19 
Section 2 - Paracavernous Region 
Introduction 
The paracavernous region includes Meckel’s cave, which forms the base of the trigeminal 
ganglion. This section features two publications that look at accessing this region utilizing 
endoscopic surgical approaches.  
What is the best route to Meckel’s Cave? Anatomical Comparison between the 
Endoscopic Endonasal Approach and a Lateral Approach 
Van Rompaey J, Bush C, Khabbaz E, Vender J, Panizza B, Solares C.  
Journal of Neurological Surgery: Part B 2013 Dec;74(6):331-6 
 
Publication Summary 
This publication looks at an expanded endoscopic approach utilizing an endonasal 
approach to the paracavernous region. A pterional craniotomy with access to the 
Gasserian ganglion was completed to compare the anatomical relationships. 
Measurements utilizing dry skulls were obtained to quantify the area of exposure created 
with the endoscopic approach.  
Candidates Contribution 
The majority of data collection, analysis and preparation of the manuscript were performed 
by me. I also completed all of the dissections used in the study. The findings were 
presented at the North American Skull Base Society Annual meeting in Phoenix, Arizona 
in 2011.  
Significance of Work 
A pterional craniotomy is a highly invasive approach that causes cosmetic damage as well 
as brain retraction. An endoscopic approach could help to obviate the drawbacks of an 
open approach. The anatomy was accessed endoscopically, underscoring the possibility 
of utilizing this as a corridor to access pathology more anteromedially within the 
paracavernous region. 
What is the Best Route to the Meckel Cave?
Anatomical Comparison between the
Endoscopic Endonasal Approach and a
Lateral Approach
Jason Van Rompaey1 Carrie Bush1 Eyad Khabbaz1 John Vender2 Ben Panizza3 C. Arturo Solares1
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Introduction
Involvement of the Meckel cave by skull base pathology is
relatively infrequent among all cranial tumors.1 Anecdotally,
in a primarily skull base practice, its involvement seems to be
more frequent. Regardless, when the Meckel cave is involved
with disease, appropriate therapeutic intervention is re-
quired. The deep location and surrounding neurovasculature
of the Meckel cave pose a challenge to complete tumor
resection.2 Over the years, many innovative treatments
have been developed to address the clinical needs of the
patient and minimize surrounding tissue damage. With the
Keywords
► endonasal endoscopic
► Gasserian ganglion
► lateral approach
► maxillary antrostomy
► Meckel cave
► pterional craniotomy
► sphenoethmoidectomy
Abstract Background Traditionally, a pterional approach is utilized to access the Meckel cave.
Depending on the tumor location, extradural dissection of the Gasserian ganglion can
be performed. An endoscopic endonasal access could potentially avoid a craniotomy in
these cases.
Methods We performed an endoscopic endonasal approach as well as a lateral
approach to the Meckel cave on six anatomic specimens. To access the Meckel cave
endoscopically, a complete sphenoethmoidectomy and maxillary antrostomy followed
by a transpterygoid approach was performed. For lateral access, a pterional craniotomy
with extradural dissection was performed.
Results The endoscopic endonasal approach allowed adequate access to the Gasserian
ganglion. All the relevant anatomy was identified without difficulty. Both approaches
allowed for a similar exposure, but the endonasal approach avoided brain retraction and
improved anteromedial exposure of the Gasserian ganglion. The lateral approach
provided improved access posterolaterally and to the superior portion.
Conclusion The endoscopic endonasal approach to the Meckel cave is anatomically
feasible. The morbidity associated with brain retraction from the open approaches can
be avoided. Further understanding of the endoscopic anatomy within this region can
facilitate continued advancement in endoscopic endonasal surgery and improvement
in the safety and efficacy of these procedures.
received
May 10, 2011
accepted after revision
August 10, 2011
© Georg Thieme Verlag KG
Stuttgart · New York
DOI http://dx.doi.org/
10.1055/s-0033-1342989.
ISSN 2193-6331.
Original Article
Do
wn
loa
de
d 
by
: C
lem
en
tin
o 
So
lar
es
. C
op
yr
igh
te
d 
m
at
er
ial
.
advent of stereotactic radiation, amore targeted approach has
resulted in effective treatment with minimal damage to the
delicate surrounding tissue.3 Even though this modality is
effective, in many cases a surgical approach is the best option.
In addition, it allows for tissue diagnosis in cases in which
imaging is not definitive.
The goal of a surgical approach is the resection of a tumor
with negative margins using sound oncological principles.
Direct visualization of the tumor is essential to obtaining this
goal.4 Various methods of skull base surgery have arisen to
create an adequate corridor for surgical resection. A common
method of directly visualizing the skull base is the use of a
craniotomy. Open cranial surgery necessitates the creation of
a sufficient window proximal to the tumor with retraction of
the brain to reveal the skull base.5 The most common ap-
proach for accessing the Meckel cave is anterolateral using a
pterional craniotomy.6–8
With advancements in optical technology, new avenues of
visualization havebeenmade available to the surgeon.9,10 The
development of the endoscope enabled the ability to peer
deep into the corpus. This clear view of previously obstructed
anatomy created the capability of minimizing the surgical
window with tissue preservation. Recognizing this benefit,
surgical disciplines have applied the endoscope to create a
wide array of minimally invasive techniques. With the inten-
tion of lessening neurologic damage, neurosurgeons have
utilized the endoscope to assist in the visualization of struc-
tures in the skull base during open procedures. These endo-
scopic-assisted procedures are able to maintain oncologic
principles and minimize neurovascular damage.10,11 Howev-
er, brainmanipulation is still required in some cases to access
the tumor.
The need to reduce brain retraction and minimize cosmet-
ic damagemotivated the development of a procedure to allow
endonasal endoscopic access to the skull base.5 The anatomy
of the nasal cavity and surrounding sinuses provide a unique
corridor for accessing the entire ventral skull base.12 Origi-
nally, the endonasal endoscopic approach (EEA) was utilized
to access the sella and cavernous sinus via the sphenoid sinus.
The EEA was expanded from the sphenoid sinus to include
access from the cribriform plate to the odontoid process.13
The expanded EEA also opens the possibility of accessing the
parasellar region, including the Meckel cave.5,10,14
The expanded EEA is relevant to tumors in theMeckel cave,
because it provides a unique anteromedial access to the base
of the Gasserian ganglion.13 Utilizing this approach to the
Meckel cave could possibly increase the maintenance of
negative margins while minimizing brain retraction. Access-
ing this region using an open approach would require signifi-
cant brain manipulation.5,8,10,15 The purpose of this article is
to draw a comparison between the two approaches in an
anatomical cadaveric model.
Methods
Specimens
Six anatomic specimens were selected based on patent vas-
culature and closeness to time of death. After being preserved
in formalin, the specimenswere injectedwith colored latex to
highlight the arterial and venous vasculature. The procedure
for head injection followed the guidelines set by Sanan et al.16
Endoscopic Dissection Technique
Both 0-degree and 45-degree endonasal rod endoscopes
were used. The endoscope was placed on a stand, allowing
a bimanual technique. This microdissection technique was
similar to those used in open approaches.
The EEA utilized a combined transpterygoid, transsphe-
noidal corridor. The initial step was to create an adequate
corridor of visualization within the nasal cavity. To achieve
this, the middle turbinate was removed using endoscopic
scissors. Removal of the posterior third of the nasal septum
followed, allowing binasal instrumentation use and expand-
ing the corridor of visualization. The sphenoid sinus os was
then identified and the anterior wallwas excised using angled
through cut nasal forceps. The mucosa was removed from the
posterior wall of the sphenoid sinus to obtain a clear view of
the optic and carotid prominence, and the optic carotid
recess.
The focus was then directed on the transpterygoid ap-
proach. starting with the identification of the uncinate pro-
cess and os of the maxillary sinus. The medial wall of the
maxillary sinuswas dissected to the posterior surface, and the
posterior wall was removedmedially to the pterygoid promi-
nence, exposing the sphenopalatine fossa and contents. This
revealed the maxillary, sphenopalatine, nasal, and greater
palatine arteries and allowed identification of the sphenopa-
latine ganglion, greater descending palatine, and vidian
nerves. V2 was then observed running medially through
the sphenopalatine fossa and was followed to the foramen
rotundum (►Fig. 1). Exposure of V2 medioposteriorly to the
Gasserian ganglion was accomplished using a high-speed
drill. This necessitated the removal of the anteromedial
portion of the Meckel cave. After exposing the Gasserian
ganglion, we removed the carotid prominence of the posteri-
or wall of the sphenoid sinus to reveal the internal carotid
artery (ICA). This facilitated adequate visualization of V1.
Further dissection of V1 exposed cranial nerve VI and the
sympathetic division of V1. With use of the high-speed drill,
we removed the pterygoid prominence posteriorly to the
Meckel cave, allowing clear visualization of V3 and the
petrous portion of the ICA. Microsurgical instruments were
used to remove epineural fascia and clear the corridor of
debris, allowing clear visualization of the Meckel cave and
contents (►Fig. 2).
It is important to note that an alternate approach to access
the Meckel cave could be used. This involves dissecting the
Vidian nerve and associated canal to the petrous portion of
the ICA in close proximity to the foramen rotundum. Thismay
provide a useful landmark for accessing the Meckel cave.
Lateral Dissection Technique
The pterional approach beganwith an incision starting at the
level of the zygomatic arch just in front of the tragus,
extending superiorly and curving anteriorly, staying just
behind the hairline to slightly medial of the supraorbital
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notch. The skin was then retracted inferiorly, revealing the
temporalis muscle. This was separated from the skull using a
periosteal elevator and reflected inferiorly over the zygomatic
process. The zygomatic arch was removed using a high-speed
cutting drill at the malar process and the articular joint of the
mandible. This allowed greater reflection of the temporalis
muscle for improved visualization of the temporal fossa.
Using a high-speed drill, a keyhole was made at the suture
of the frontal and sphenoid bones. The tip was exchanged
with a cutting tool, and a bone flap was created superiorly
around the pterion and extending inferiorly to the infratem-
poral fossa. Care was taken to preserve the dura. A Kerrison
rongeur bone punch was also applied to expand the pterional
incision. Amicroscopewas utilized to aid in themicrosurgical
dissection of the contents of the Meckel cave. Clear visualiza-
tion of the Gasserian ganglion, the branches of the trigeminal
nerve, and the middle meningeal artery was achieved.
Dry Skull Measurements
To approximate the amount of exposure created by the
endonasal endoscopic approach, measurements were com-
pleted on 15 dry skulls bilaterally. In themiddle cranial fossa,
a line was drawn from the anterolateral border of foramen
ovale to the inferolateral border of the superior orbital
fissure. This forms the lateral boundary for exposure in the
endonasal approach. From the inferolateral border of the
superior orbital fissure, a line was drawn to the superolateral
portion of the opening to the carotid canal as it enters
the middle cranial fossa. This forms the medial border of
the endonasal exposure. To obtain the posterior border, a line
was drawn from the superolateral border of the carotid canal
to the starting point at the anterolateral border of foramen
ovale.
Results
Access to the Meckel cave was completed with both the EEA
and the open anterolateral approach. Both approaches pro-
vided adequate surgical access to the Meckel cave and con-
tents. However, the anteromedial access was achieved by the
EEA without brain retraction (►Fig. 3). Even though brain
retraction was required in the pterional craniotomy, this
approach provided improved access to the posterolateral
Fig. 1 Removal of the posterior wall of the maxillary sinus, exposing
the contents of the sphenopalatine fossa. AwSS, anterior wall of the
sphenoid sinus; DPA, descending palatine artery; GPN, greater pala-
tine nerve; IMA, internal maxillary artery; ION, inferior optic nerve;
LPN, lesser palatine nerve; PwMS, posterior wall of the maxillary sinus;
SPA, sphenopalatine artery; SPG, sphenopalatine ganglion.
Fig. 2 Removal of the anterior, posterior, and lateral walls of the
sphenoid sinus along with partial resection of the pterygoid promi-
nence, exposing the anteromedial contents of the Meckel cave. DPA,
descending palatine artery; GG, Gasserian ganglion; GPN, greater
palatine nerve; IMA, internal maxillary artery; ION, inferior optic nerve;
PwsS, posterior wall of the sphenoid sinus; SPA, sphenopalatine artery;
SPG, sphenopalatine ganglion.
Fig. 3 Anatomical contents of the anteromedial portion of the Meckel
cave. GG, Gasserian ganglion; ICA, internal carotid artery; PwSS,
posterior wall of the sphenoid sinus.
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45-degree endoscope and sinus instruments an ade-
quate surgical corridor was achieved. This provided
a sufficient view for the inferomedial and inferolateral
contents of the orbit.
A key anatomical landmark to this dissection was
the infraorbital nerve and artery. Using this as a
guide the dissection could continue either laterally
and medially. The most anterior limit of the dissection
of the infraorbital artery consistently corresponded
with posterior globe. Located directly superior to this
artery were the inferior rectus muscle and the inferior
division of the 3rd cranial nerve.
Complete skeletonization of the orbital floor was
not implemented. Bone was left superior to the
infraorbital canal to allow support for the inferior
rectus muscle. The dissection could be continued
superiorly; however, once the optic nerve was
reached, the dissection became difficult.
As with the endonasal dissection, endoscopic sinus
surgery instrumentation was adequate for the entirety
of the dissection and was facilitated by the 45-degree
endoscope. As the dissection progressed laterally,
anteriorly and superiorly use of this equipment
became limited. The use of angled instrumentation
could have provided a more superior and lateral
dissection. Adequate visualization and microdissec-
tion was achieved from the optic nerve to the lateral
rectus and inferior rectus muscle.
Computed Tomography Analysis
The surface area of the orbital floor showed a slightly
large area for males (4.33 cm2) when compared
with females (3.71 cm2). The standard deviation of
the measurements was slightly higher in females
indicating slightly more variation in the anatomy.
This correlated with a smaller confidence interval.
The confidence interval indicated that approximately
95% of measurements of the surface area of for the
orbital floor posterior to the globe should be 4.02
to 4.63 cm2 for males and 3.23 cm2 to 4.18 cm2 for
females (table 1).
Similarly the surface area calculation of the medial
orbital wall showed a larger area for males (3.34 cm2)
when compared to females (2.98 cm2). There was
greater variation in the standard deviation in the male
subgroup (0.391 cm2 male, 0.346 cm2 female), which
shows less central tendency around the mean. The
confidence interval was higher in the female group
with an interval of 0.544 cm2 when compared to
0.475 cm2 in males. Based on this data approximately
95% of males should have a medial orbital wall
surface area of 2.94 cm2 to 3.73 cm2 and females
should have a range of 2.53 cm2 to 3.33 cm2 (table 1).
The infraorbital calculation was not a measurement
of scale, but rather location, and for this reason the
females and males were considered collectively as a
single group. The overall lateral versus medial dis-
tance was !0.030 cm indicating that the infraorbital
canal is usually located at the midline of the orbit
at the level slightly posterior to the globe. A value of
zero indicates exact midline. The standard deviation
was low at 0.306 indicating that most of the values
fell close to the mean. According to the data, 95%
of infraorbital nerves were between 0.139 cm medial
to the midline 0.080 cm lateral to the midline (table 2).
DISCUSSION
Various pathologies can affect the orbit and space-
occupying lesions are relatively uncommon, but do
occur. Meningiomas, plexiform neurofibromas, lym-
phangiomas are some of the most frequently reported
orbital tumors.3,4,5 Deciding factors for the removal of
the tumors include the location in the retro-bulbar
space as well as the size and vascularity of the lesion.
High-resolution imaging is key to deciding the most
advantageous approach.5
Intimate knowledge of sphenoid sinus anatomy is
a prerequisite for the use of advanced endonasal
techniques. The endoscopic endonasal approach to
the orbit is facilitated by a wide sphenoidotomy,
which allows for improved visualization of key
landmarks. The optic nerve may be seen within the
superolateral aspect of the sphenoid sinus, just adja-
cent to the carotid protuberance. In all of our speci-
mens the course of the optic nerve was easily
identifiable. Some reports indicate that the optic
nerve is difficult to visualize in up to 25% of
specimens; in such cases the optic nerve may be
presumed to be 2–10mm superior to the carotid
protuberance.10 Previous cadaveric studies have
shown that the bone overlying the optic nerve and
carotid artery is less than 0.5-mm thick in approxi-
mately 80% of specimens. Furthermore, bone overly-
ing these vital structures may be dehiscent in rates
as high as 4% and 8%, respectively.10
The difficulty in approaching the orbit is inherent
given the complex and dense arrangement of vessels
and nerves within the close orbital confines. The
endonasal approach relies on identification of the
medial and inferior rectus muscles, which are pos-
itioned lateral to the ethmoid lamina papyracea
and superior to the inferior orbital wall respectively.
These muscles originate from the tendinous annulus
of Zinn, which is located at the apex of the orbit,
adjacent to the entry of the sphenoid sinus laterally.
Overall the endonasal approach was able to create
a surface area exposure of 3 cm2 within the medial
orbital wall, which was sufficient to view the medial,
inferior and superior structures of the retro-bulbar
space. Lateral dissection was limited by the endonasal
instrumentation. Angled instruments may have been
better suited for further dissection. However, when
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area of the Meckel cave (►Fig. 4), the superior portion of the
Gasserian ganglion, and the cavernous sinus (►Fig. 5).
The approximated endonasal endoscopic exposure was
measured bilaterally in 15 dry skulls totaling 30 individual
samples. The mean area exposed was 123 mm2. There was a
standard deviation of 19 mm2. At a 95% confidence interval,
the lower and upper limits were 117 mm2 and 130 mm2.
Discussion
Johann Friedrich Meckel was the first anatomist to describe
the bony recess that provides the seat for the Gasserian
ganglion in the mid 1700s.17 The Meckel cave is located in
the parasellar region adjacent to the cavernous sinus in the
middle cranial fossa. This bony indentation of the sphenoid
forms the base of the Gasserian ganglion.1,6 Extending out
from the ganglion are the ophthalmic, maxillary, and man-
dibular branches of the trigeminal nerve. These three
branches exit the Meckel cave via the superior orbital fissure,
foramen ovale, and the foramen rotundum, respectively.
The deep location and the surrounding neurovascular
structures make accessing the Meckel cave challeng-
ing.2,11,13,15 The possibility of damaging surrounding tissue
is high, and attempts to operate in the Meckel cave have been
associatedwith cranial nerve morbidity.18,19 Consequently, an
approach to surgery was required that allowed adequate
visualization and a sufficientlyopen corridor toperform tumor
resection. The complex nature of the anatomy has led to the
development of various methods of accessing this area with
the least amount of damage to surrounding structures.
The most commonly used approach for accessing the
Meckel cave is the anterolateral. This requires a pterional
incision, temporal lobe retraction, and transection of the
Gasserian ganglion to reach the Meckel cave. Although at
times the trigeminal nerve needs to be sacrificed for complete
tumor resection, it is not always necessary.18 The pterional
approach has been effective for removing tumors of the
middle fossa; however, the access to the anteromedial portion
of the Meckel cave and related structures has proved to be
limiting.13 These observations are consistent with our find-
ings in this study.
The challenging anatomy has provided impetus for devel-
oping alternative surgical techniques. With the improvement
in endoscopic technology, endoscopic-assisted surgery has
been utilized with a reasonable degree of success.11 This has
allowed increased visualization and limited unintended dis-
ruption of sensitive tissue. The endonasal endoscopic ap-
proach has evolved to become an innovative method of
accessing the entire ventral skull base.20 It has arisen out of
an increasing understanding of anatomy and advancement of
technology.10 Even though surgical microscopes were origi-
nally used to visualize internal nasal anatomy, they only
allowed viewing of midline structures.21 Accessing the sur-
rounding area requires the use of an endoscope. The rod lens
of the endoscope allows the camera to penetrate deep into the
nasal cavity and directly visualize anatomy beyond the
midline. This has allowed the endonasal endoscope to incor-
porate access to the anterior, middle, and posterior fossa and
has opened the complete ventral skull base for surgical
access.12 Visualization and the overall ability to perform
endoscopic skull base surgery have been augmented with
concurrent development of angled endoscopes, specific skull
base instrumentation, image guidance, and Doppler and
ultrasound probes.10,14,19
Greater visualization of the ventral skull base has generat-
ed interest in the use of EEA. However, EEA also overcomes
other limitations associated with the open approach. The
advantage of EEA is that it avoids brain retraction. The near
midline location of the Meckel cave necessitates significant
manipulation of the temporal lobe, inevitably resulting in
morbidity. Accessing the skull base with this technique
comes at the cost of possible brain contusion, edema, and
bleeding.10,11,22
Fig. 4 Exposure of the posterolateral portion of the Meckel cave in an
open pterional craniotomy. GG, Gasserian ganglion; ICA, internal
carotid artery; MMA, middle meningeal artery.
Fig. 5 Exposure of the Gasserian ganglion and cavernous sinus in an
open pterional approach. GG, Gasserian ganglion; ICA, internal carotid
artery; SOF, superior orbital fissure.
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EEA also lessens the cosmetic impact of skull base surgery
when compared with a pterional craniotomy. The removal of
a pterional bone flap requires a large incision to the head and
potentially altering the aesthetic appearance.7,15,22With EEA
there are no externally visible incisions, as all of the surgery is
donewithin the nasal cavity. Theminimally invasive nature of
the surgery leaves the face and head without the need for
cosmetic repair.22–24
A less-invasive approach can allow for shortened healing
time. This means that the patient spends less time in the
hospital recovering from postsurgical wounds.10,23,25 As a
result, adjunct therapy such as radiation can commence in a
shorter amount of time and improves the possibility of better
outcomes.24
Although EEA does allow for improved visualization of the
skull base, the surgical corridor it creates is smaller than a
pterional craniotomy. In certain cases, this can eliminate the
possibility of en bloc excision of the tumor.10,22 To avoid
seeding of the cancer to the surrounding tissue, en bloc
tumor removal has been preferred in malignant cases.22
However, 31% of surgical cases of the skull base have tumors
with margins that are either positive or close to neuro-
vascular structures.25 Even in a pterional approach, en bloc
resection could be challenging. It is possible that piecemeal
removal of a tumor may be required in either approach.
However, the endoscope provides direct visualization, there-
by facilitating thorough removal.24 Piecemeal elimination
may even be advantageous. Recent developments in piece-
meal tumor extirpation such as Mohs have become treat-
ments of choice with good patient outcomes.10 Even if the
tumor cannot be removed en bloc, the possibility of debulk-
ing could provide relief from compressive symptoms. Lastly,
the majority of tumors in this region necessitating resection
are histologically benign and are routinely removed in a
piecemeal fashion with internal debulking followed by cap-
sular dissection.
In our experience the macroscopic tumors in the Meckel
cave tend to occlude the venous sinuses in the surrounding
area. When the malignancy extends into these sinuses,
excessive hemorrhaging can be a complication. For example,
in perineural disease the perineurium provides an adequate
barrier. The protective effects of the perineurium extend from
the dermis to the Gasserian ganglion.26,27 However, once the
metastasis extends past this point it may involve the dura or
extend further back toward the brainstem. Although en bloc
resection of the disease up to the Gasserian ganglion is
possible, bleeding from the sinuses can be problematic.
One potential drawback of using EEA is a presumed higher
rate of cerebrospinal fluid (CSF) leakage.5,10,28,29 Initial re-
ports had unacceptably high CSF leak rates, and for this
reason there has been an aversion to increased use of EEA
procedures.30 However, recent developments in reconstruc-
tion have greatly reduced the occurrence of this complication.
Particularly, the use of vascularized skull base reconstruction,
most commonly with the use of a pedicled nasoseptal flap,
has been shown to significantly reduce CSF leak rates.10,23,31
Another impediment is the potential for cavernous sinus
bleeding. In our experience, this can be managed adequately
with the use of a bimanual technique and Surgifoam paste
(Ethicon, Somerville, New Jersey, USA).
EEA with its unique visualization and access provides an
additional tool to the expanding armamentarium of the
surgeon. It is not necessarily a replacement for an open
approach to the Meckel cave and should be considered either
an alternative or adjunct. Tumors can be complex, spanning
large regions of the skull base and necessitating a combined
approach.9,15 For this reason it is recommended that the
surgeon be familiar with both approaches.9 This allows
increased options for surgical resection and comprehensive
tumor extirpation. Also, manipulation of the vasculaturewith
underlying pathology can create a hemorrhagic emergent
condition in EEA. This may necessitate the conversion of an
endoscopic to an open approach to obtain adequate hemo-
static control.9 Having training in both approaches could be
advantageous in this scenario.
Current data show that EEA has been successful in the
removal of tumors with negative margins.4,10,13 As with any
surgical procedure, there are complications. This procedure is
relatively new, and there are limited data of its long-term
effect. Further studies are needed to evaluate the impact of
the outcomes and overall effectiveness.
In this study the anterolateral approach provided adequate
access laterally to the cavernous sinus. However, tumors
located anteromedial and inferior to the Gasserian ganglion
would require removal of neural structures to obtain access.
The open approach allows for unimpeded admission, pro-
ceeding medially until the border of the foramen ovale
has been reached. Removing pathology that extends more
medially increases the possibility of iatrogenic trauma from
working between the branches of the trigeminal nerve.
Hence, the endonasal approach to the Meckel cave is
uniquely suited for gaining access to the anteromedial loca-
tion while maintaining minimal damage to surrounding
neurovasculature.
The use of the endonasal versus open approach should be
determined based on tumor location. Anteromedial location
of the neoplasm could indicate removal via endoscopy,
thereby preserving the functioning of the Gasserian ganglion.
A tumor located lateral to the foramen ovale or in the
posterolateral portion of the ganglion would be beyond the
reach of an endoscope. In this case, a pterional craniotomy
would be better suited, as this would provide adequate access
with minimal damage to surrounding structures.
The type of pathology is common to both the anteromedial
and posterolateral areas of theMeckel cave. As in other cranial
base procedures, the pathology is not usually used as a
criterion for approach. Tumor extirpation should be deter-
mined by criteria allowing a sufficient surgical corridor while
minimizing iatrogenic damage to surrounding tissue.
Conclusion
The endoscopic endonasal approach to the Meckel cave is
anatomically feasible and compares well with a lateral ap-
proach. The morbidity associated with brain retraction from
the open approaches can be avoided. Further understanding
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of the endoscopic anatomy within this region can continue
to allow for advances in endoscopic endonasal surgery
and improvement in the safety and efficacy of these
procedures.
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Publication Summary 
This publication looks at the feasibility of accessing Meckel’s cave utilizing a transantral 
approach. Comparisons in terms of access were made with the endonasal approach. 
Objective measurements were obtained comparing the distance to Meckel’s cave utilizing 
both of the approaches.  
Candidates Contribution 
The majority of data collection, analysis and preparation of the manuscript were performed 
by myself. I completed all of the dissections used in the study. The findings were 
presented at the North American Skull Base Society Annual meeting in Las Vegas, 
Nevada in 2012.  
Significance of Work 
Utilizing a minimally invasive approach aids to reduce that amount of surgical resection 
required. The transantral approach, while a technically more difficult approach, preserves 
the natural anatomy of the endonasal cavity. The draw back of this approach is the limited 
surgical window. However utilizing an approach that preserves anatomy has the potential 
of doing less harm to the patient.  
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Abstract Recent advances in endonasal endoscopy have
facilitated the surgical access to the lateral skull base
including areas such as Meckel’s cave. This approach has
been well documented, however, few studies have outlined
transantral specific access to Meckel’s. A transantral
approach provides a direct pathway to this region obviating
the need for extensive endonasal and transsphenoidal
resection. Our aim in this study is to compare the anatomical
perspectives obtained in endonasal and transantral approa-
ches. We prepared 14 cadaveric specimens with intravas-
cular injections of colored latex. Eight cadavers underwent
endoscopic endonasal transpterygoid approaches to Mec-
kel’s cave. Six additional specimens underwent an endo-
scopic transantral approach to the same region.
Photographic evidence was obtained for review. 30 CT
scans were analyzed to measure comparative distances to
Meckel’s cave for both approaches. The endoscopic
approaches provided a direct access to the anterior and
inferior portions of Meckel’s cave. However, the transantral
approach required shorter instrumentation, and did not
require clearing of the endonasal corridor. This approach
gave an anterior view of Meckel’s cave making posterior
dissectionmore difficult. A transantral approach toMeckel’s
cave provides access similar to the endonasal approach with
minimal invasiveness. Some of the morbidity associated
with extensive endonasal resection could possibly be avoi-
ded. Better understanding of the complex skull base anat-
omy, from different perspectives, helps to improve current
endoscopic skull base surgery and to develop new alterna-
tives, consequently, leading to improvements in safety and
efficacy.
Keywords Transnasal !Meckel’s cave ! Transsphenoidal !
Sublabial antrostomy ! Endoscopic endonasal !
Transmaxillary ! Transpterygoid
Introduction
Skull base tumors are quite rare and an even a smaller
percentage affect Meckel’s cave [1]. Even though infre-
quent, Meckel’s cave surgery is complicated by the deep
location and dense neurovascular structures that occupy
and surround the parasellar region. An appropriate surgical
corridor that allows adequate exposure is crucial to achieve
a complete resection (‘‘clear margins’’). However, design-
ing a surgical approach that allows for tumor removal,
while limiting morbidity and mortality, is challenging.
Various techniques have been developed to reach the
parasellar region of the brain. The most common approach
is anterolateral corridor to the middle cranial fossa using a
pterional craniotomy [2–4]. This approach provides direct
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access to Meckel’s cave with minimal craniofacial dis-
ruption, as compared to other transcranial approaches.
However, it requires some temporal lobe retraction, which
can lead to significant morbidity including encephaloma-
lacia, bleeding and contusion [5, 6]. These drawbacks
provide motivation to search for alternative surgical tech-
niques that would reduce the morbidity associated with
brain manipulation.
Some techniques obviate the need for extensive cra-
niofacial resection. Couldwell et al. [7] reported a tran-
santral approach to the cavernous sinus using a
microscopic visualization. This approach allowed lateral
access to the parasellar and paraclival regions. However,
the use of the microscope is associated with a narrow
corridor of visualizations, thus, limiting the extent of
resection [8, 9]. These authors suggested that the approach
was most appropriate for sampling or for the removal of
small tumors [7].
The advent of the rod-lens endoscope and, more
recently, endoscopes with video chip technology brought
the possibility of using a smaller surgical window with a
wider angle of visualization. Endoscopic techniques have
been adopted by multiple surgical specialties to minimize
the morbidity associated with open approaches. This
capability to visualize the depths of an enclosed space is
ideally suited for skull base surgery. Their use led to new
endonasal approaches and assisted visualization during
traditional approaches. Endoscopic assisted surgeries
require smaller, keyhole craniotomies and thereby lessen
brain retraction [6]. Endoscopic endonasal surgery of the
skull base attempts to limit brain retraction and prevents
cosmetic damage to the craniofacial area. The sinonasal
tract provides a natural corridor that creates adequate
access to the sellar region. Advances in endonasal surgery
have expanded its indications to include the ventral access
to the skull base, from the clivus to the crista galli,
including the parasellar regions and Meckel’s cave [10,
11].
As the endonasal approach is extended laterally, it is
limited by the contents of the infratemporal fossa. Visu-
alization and instrumentation become more challenging as
the surgery extends laterally. A combined transantral/en-
donasal approach has been used to expose the parasellar
region and Meckel’s cave, therefore\ improving the lateral
access [12, 13].
The purpose of this cadaveric anatomical study is to
outline a less invasive approach to Meckel’s cave using
the endoscopic transantral corridor. This approach will be
contrasted with the endoscopic endonasal approach to
the same region to illustrate the differences in access.
A metric analysis utilizing CT angiograms will compare
the distance required for both approaches to obtain ade-
quate exposure.
Methods
Specimens
We selected 14 anatomical specimens, based on their
closeness to time of death and patent vasculature. They
were preserved in alcohol and the major arteries and veins
of the neck were injected with red and blue latex, respec-
tively. This helped to clearly distinguish anatomical rela-
tionships and improved photographic documentation.
Preservation and injection techniques followed the guide-
lines set by Sanan et al. [14].
Endonasal endoscopic dissection technique
Using a 0" rod endoscope (Karl Storz, Tuttlingen, Germany)
for visualization, we completed an uncinectomy and opened
a wide middle meatus antrostomy. A middle turbinectomy
expanded the access to the sphenoethmoidal recess, thus
facilitating a complete sphenoethmoidectomy that included
the removal of the entire rostrum of sphenoid sinus. We
removed the posterior third of the nasal septum using back
biting forceps and the anterior wall of the sphenoid sinus
using Kerrison’s rongeurs revealing the posterior and lateral
walls of the sinus and forming a common posterior nasal
cavity that could be accessed bilaterally. We then stripped the
mucosa from the posterior and superior walls of the sphenoid
sinus, allowing clear visualization of the optic nerve canals
and carotid prominences with their associated recesses.
Our focus was then directed to the maxillary sinus,
removing of the mucosa of the posterior wall and roof of
the maxillary sinus, which simplified identification of the
infraorbital nerve (ION). Removal of the posterior wall of
the maxillary, medial and lateral to the infraorbital nerve,
revealed the contents of the pterygopalatine fossa. The ION
was dissected proximally to the foramen rotundum. Bran-
ches of internal maxillary artery, the sphenopalatine gan-
glion, vidian nerve, descending palatine nerve and artery
were identified and delineated.
Ligation, transection and lateral retraction of the internal
maxillary artery allowed a clear access to the pterygoid
process, which was removed using an extended high-speed
drill with a hybrid diamond tip (Total Performance System,
Stryker Corp., Kalamazoo MI). V2 was dissected proxi-
mally (using a combination of Kerrison rongeurs and high-
speed drill), out of the foramen rotundum and its canal to
reach Meckel’s cave. Remaining portions of the lateral and
superior walls of the sphenoid sinus, lateral to the sella,
were removed to reveal the internal carotid artery (ICA).
CN VI and the Gasserian ganglion were identified after
opening the dura. Further resection of the pterygoid pro-
cess, extending to the foramen ovale, afforded a clear view
of V3 as it crossed into the infratemporal fossa.
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Transantral endoscopic technique
A sublabial incision, superior to the alveolar ridge, and
subperiosteal dissection revealed the canine fossa. A
15 mm anterior antrostomy was then made with the high-
speed drill. Utilizing a 0" rod-lens endoscope, the posterior
wall of the maxillary sinus was then identified, stripped of
mucosa and removed after identifying the ION. A high-
speed drill facilitated the removal of the postero-superior
portion of the medial wall of the maxillary sinus. The
anterior wall of the sphenoid sinus was then identified and
removed laterally to reach the level of the foramen rotun-
dum. V2 was used as a guide to Meckel’s cave as the
posterior aspect of the sphenoid sinus was removed. A 45"
rod-lens endoscope could be rotated to improve the visu-
alization while working inside the sphenoid sinus. Once the
lateral wall of the sphenoid bone was removed, the dura
was opened and the Gasserian ganglion was dissected and
identified, along with V1, CNVI, and the ICA. After
removing the pterygoid process posteriorly to foramen
ovale, V3 was clearly identified.
Computed tomography analysis
The endonasal and transantral approaches both create
similar exposure of Meckel’s cave. However, the transan-
tral approach provides a shorter corridor. An analysis was
created using CT angiograms to measure the distance to
Meckel’s cave via both approaches. The scans were
examined using the OsiriX software (Pixmeo, Switzer-
land), which is an open source DICOM image viewer that
is compatible with the Apple Mac operating system. The
30 subjects (15 male, 15 female) were randomly selected
from a database of 173 anonymized scans (105 male, 68
female). Right versus left side was also randomly selected
and the scans all occurred from October 2011 to December
2012. The age range was from 25 to 84.
Axial and sagittal scans were used to construct the data
points for the distance calculations. Consistent, easily
identifiable landmarks were utilized to approximate the
distances. The transantral approach used the infraorbital
foramina and foramen rotundum at the level of the middle
cranial fossa, as the two points. The x, y, z Cartesian
coordinates were recorded for both these locations and then
distances were calculated (Fig. 1). The endonasal distance
was constructed using the same methodology. The ana-
tomical markers were the most anterior point of the nasal
bone to foramen rotundum (Fig. 2).
Results
Endoscopic endonasal and the transantral approaches pro-
vided equivalent access to Meckel’s cave (Figs. 3, 4).
Anterolateral aspects of Meckel’s cave were exposed,
creating a workable surgical corridor in both approaches.
Fig. 1 Orthogonal CT views showing the points used for transantral distance measurements. The calculation was made from the infraorbital
foramina to the foramen rotundum at the level of the middle cranial fossa
Eur Arch Otorhinolaryngol
123
The endonasal approach provided easier access to the
medial portions of Meckel’s cave including V1 and V2 and
the ICA. The transantral approach also obviated the need to
remove the entire anterior wall of the sphenoid sinus, the
posterior third of the nasal septum, removal of the lower
and middle turbinates and a large resection of the medial
wall of the maxillary sinus (Figs. 5, 6). Without the need to
create a nasal corridor the dissection was less procedural
and required less time to complete.
Working transantrally also decreased the distance to the
Gasserian ganglion and allowed for the use of shorter
instruments. This dissection could be completed using
standard endoscopic sinus surgery equipment as opposed to
the endonasal dissection that required specialized extended
tools designed specifically for endoscopic skull base
surgery.
The endonasal corridor created a view that was per-
pendicular to Meckel’s cave and the whole anatomy of this
location was easily viewed (Fig. 2). In contrast, the tran-
santral approach created more of an end-on view (Fig. 3),
which made the viewing of posterior anatomy more diffi-
cult. Consequently the anatomy was more difficult to dis-
sect in this region.
The transantral corridor was narrower when compared
the endonasal approach. Overall, the access to the anatomy
was lessened (Fig. 7). The small keyhole anterior maxil-
lectomy made it difficult at times to maneuver both
endoscope and instrumentation. The access into Meckel’s
cave was also slender in the transantral approach. Consis-
tent with previous investigations [5, 10, 11], the endonasal
access created broad admittance to the entire sphenoid and
laterally past foramen rotundum (Fig. 8). An endonasal
corridor allowed potential bilateral access to the medial
skull base, whereas a transantral approach only permitted
access unilaterally.
The distance calculations compiled for the CT scans
showed a consistently smaller transantral corridor in both
females and males (Table 1). The transantral distance in
males averaged 4.83 and 4.49 cm in females. The confi-
dence interval calculated that 95 % of measurements
should fall between 4.58 and 5.09 cm for males and 4.28 to
4.70 cm for females. There was less variation in females as
indicated by a slightly smaller standard deviation
(0.414 cm).
The average endonasal distance to foramen rotundum in
males was 7.19 cm with approximately 95 % of all mea-
surements falling between 6.95 and 7.44 cm. Females were
slightly smaller with an average distance of 6.78 cm. The
standard deviation was also smaller at 0.431 cm indicating
slightly less variation than males. The confidence interval
indicated that 95 % of the measurements ranged
6.56–7.00 cm.
The difference between transantral and endonasal dis-
tances was on average 2.36 cm for males and 2.29 cm for
females. The 95 % confidence interval showed a range of
2.10–2.62 cm for males and 2.12–2.46 cm for females.
Fig. 2 Orthogonal CT views showing the points used for endonasal distance measurements. The calculation was made from the anterior nasal
bone to the foramen rotundum at the level of the middle cranial fossa
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Fig. 3 Transnasal approach to Meckel’s cave with the anterior and
posterior walls of the sphenoid sinus removed to reveal the internal
carotid artery with gasserian ganglion and respective branches of the
trigeminal nerve. CNVI abduscens nerve, Dura Dura mater, GG
gasserian ganglion, ICA internal carotid artery. V1 ophthalmic branch
of the trigmenial nerve, V2 the maxillary branch of the trigeminal
nerve, V3 Mandibular branch of the trigeminal nerve
Fig. 4 Transantral approach to Meckel’s cave with the anterior and
posterior walls of the sphenoid sinus removed to reveal the internal
carotid artery with gasserian ganglion and respective branches of the
trigeminal nerve. CNVI abduscens nerve, Dura Dura mater, GG
gasserian ganglion, ICA internal carotid artery. V1 ophthalmic branch
of the trigmenial nerve, V2 the maxillary branch of the trigeminal
nerve, V3 Mandibular branch of the trigeminal nerve
Fig. 5 Transantral approach with removal of the posterior wall of the
maxillary sinus revealing contents of the sphenopalatine fossa with
the anterior wall of the sphenoid sinus also removed. ICA internal
carotid artery, ION inferior optic nerve, MwMS medial wall of the
maxillary sinus, PwMS posterior wall of the maxillary sinus, SPA
sphenopalatine artery, V2 maxillary branch of the trigeminal nerve,
V3 mandibular branch of the trigeminal nerve
Fig. 6 Transantral approach with removal of the posterior wall of the
maxillary sinus with a magnified view of the inferior optic nerve and
sphenopalatine ganglion. The anterior wall of the sphenoid sinus was
removed posteriorly in the photograph. GG Gasserian ganglion, GPN
greater palatine nerve ICA internal carotid artery, ION inferior optic
nerve, SPA sphenopalatine artery, V2 maxillary branch of the
trigeminal nerve, V3 mandibular branch of the trigeminal nerve
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Discussion
Meckel’s cave is located in the middle cranial fossa adja-
cent to the cavernous sinus. In the 1700s, Johann Fredrich
Meckel first described this parasellar region that is occu-
pied by the Gasserian ganglion. The three divisions of
cranial nerve V, namely V1 (ophthalmic), V2 (maxillary),
and V3 (mandibular) exit the cave through the superior
orbital fissure, foramen rotundum and foramen ovale
respectively. The parasellar region is also home to vital
structures such as the carotid artery and the extra-ocular
cranial nerves.
Overall, neoplastic pathology in Meckel’s cave is
uncommon. Schwannomas and hemangiomas are the most
common primary tumors [15, 16]. Tumors can also develop
in this region via metastatatic spread or extension from
adjacent areas. Perineural spread occurs in 2–14 % of
squamous cell carcinomas and frequently travel centripe-
tally from cutaneous lesions along branches of the tri-
geminal nerve to the Gasserian ganglion [17]. Although
infrequent, this pathology often requires surgical
intervention.
The density of neurovascular structures and the deep
location of Meckel’s cave have posed a challenge for
surgical access. Creating a surgical corridor to this region
carries possible morbidity and mortality as it contains vital
anatomy. Development of an anterolateral approach via
pterional craniotomy attempted to limit iatrogenic damage.
As a microscope is commonly used for visualization, the
approach requires some brain retraction. This can lead to
edema, contusion and eventual encephalomalacia. In
addition, a large craniofacial incision may lead to unde-
sirable cosmetic outcomes [18]. The morbidity associated
with an open approach provided the impetus for an alter-
nate less invasive method [19].
Transantral approaches are not a new development. The
Caldwell-Luc procedure was developed in the late 1800s as
means of accessing pathology in the maxillary sinus [20].
The maxillary sinus was identified as a natural surgical
corridor to access the nasal cavity, orbit and the infra-
temporal fossa. A classical or modified Caldwell-Luc
approach has been used for the surgical treatment of
chronic maxillary sinusitis, and to provide access for a
vidian neurectomy, ligation of the internal maxillary artery,
orbital decompression and access to the retro-bulbar space
[21, 22]. However, the advent of endoscopic sinus surgery
diminished the use of the Caldwell-Luc considerably [21].
A transantral endoscopic approach is currently used to
repair fractures of the orbital floor. Recent research pro-
posed to use the transantral spaces to access the sphenoid
Fig. 7 3D volume rendering using the OsiriX software, detailing a
virtual transantral dissection. This view shows an anterior maxillec-
tomy with removal of the posterior maxillary wall. This allows the
visualization of the foramen rotundum. Partial, medial and posterior
wall removal of the sphenoid sinus allows visualization of the
parasellar carotid. ICA internal carotid artery, FR foramen rotundum
Fig. 8 3D volume rendering using the OsiriX software. The green
box approximates the amount of potential exposure created by the
transantral approach to Meckel’s cave, which correlated with the
actual dissections. This contrasts greatly with the endonasal exposure
indicated by the yellow box. The anterior walls of the sphenoid sinus
have been removed to visualize the internal carotid and basilar
arteries. ACA anterior cerebral artery, A1 first segment of the anterior
communicating artery, BA basilar artery, FR foramen rotundum, ICA
internal carotid artery, IJV internal jugular vein, IMA internal
maxillary artery, MCA middle cerebral artery, MMA middle menin-
geal artery, SPA sphenopalatine artery (cut), Str Sinus straight sinus,
VC Vidian’s canal
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sinus in robotic assisted surgery. This approach utilizes
bimanual instrumentation ports into both maxillary sinuses
extending into the sphenoid sinus to create the robotic
surgical corridor.
A transantral approach can be expanded to offer endo-
scopic access to the entire lateral skull base. An endoscopic
transantral approach to Meckel’s cave created an adequate
corridor that seemed simpler, as it required less procedural
steps. An endonasal corridor required the removal of the
medial wall of the maxillary sinus, and the anterior wall of
the sphenoid sinus, which required considerably longer
dissection time. A shorter operative time could possibly
reduce anesthetic related morbidity. Less resection and
manipulation also reduces the possibility of bleeding and
lessen sinonasal trauma; therefore, reducing common
complications of endonasal surgery such as crusting and
rhinosinusitis.
A transantral approach also implies a shorter working
distance. The analysis consistently showed an approximate
distance of 2.3 cm shorter than the endonasal approach.
The shorter length made the dissection of the anterior
Meckel’s cave quite facile. Of note, as the transantral
surgery progressed posteriorly and medially it became
increasingly difficult to continue the dissection. A 45" rod-
lens endoscope improved the visualization, but angled
instruments were necessary when dissecting around the
ICA. Conversely, the endonasal dissection had better
access to the medial portions of Meckel’s cave and adja-
cent paraclival and parasellar areas (Fig. 8).
The internal maxillary artery was largely preserved using
the transantral approach. However, it is possible to acci-
dentally transect this artery during dissection of the infra-
temporal fossa during either approach. During a transantral
sphenoidotomy, the posterior ethmoidal artery is difficult to
visualize and could also be accidently transected.
Working around the ICA was possible with the tran-
santral approach. However, the dissection of the ICA was
more facile using the endonasal corridor. The critical
workspace around the carotid artery demands a high level
of skill and anatomical understanding. Therefore, an
endonasal approach may be better suited when the
pathology is located in the immediate parasellar region.
Reconstruction could also be of concern in a transantral
approach. A nasoseptal flap reconstruction of the skull base
has greatly reduced the occurences of CSF leaks following
endonasal approaches [5]. Lack of a nasal corridor during a
pure transantral approach precludes the use of the naso-
septal flap. Reconstruction could still be possible with free
fat grafts, which may be effective depending on the degree
of the required reconstruction.
Contamination of the surgical site with oral flora is a
concern. As with any surgical approach, we advocate to
follow current recommendations for broad-spectrum pro-
phylactic antibiotic coverage. A broad-spectrum cephalo-
sporin with CSF penetration has been recommended to
decrease the rate of post-operative infections with oral flora
[23].
Another potential complication of a transmaxillary
approach is the formation of an oro-antral fistula. This
complication is rare but its incidence has been noted to
occur with Caldwell-Luc procedures. Repair can be
undertaken with debridement of necrotic tissue and local
tissue flap transfer to seal the defect and prevent the
migration of oral flora into the maxillary sinus [24].
Conclusion
Skull base anatomy is complex and a better understanding
of alternative approaches enhances the surgeon’s arma-
mentarium. Having multiple options to tumor resection
increase the ability to achieve oncologic goals with mini-
mal morbidity and mortality.
Tumor location and extent, as well as the skills and
training of the surgeon, are the ultimate determinants when
choosing the best surgical approach. An endoscopic tran-
santral approach is suitable if the tumor is located within
the antero-lateral Meckel’s cave. It can also supplement a
more traditional endonasal approach when the pathology
extends laterally. A combined approach could provide a
Table 1 Distance calculations
of the endonasal and transantral
approaches with the average
difference between both
approaches
( N = 30, 15 female, 15 male)
Approach Sex Average
distance
(cm)
SD
(cm)
95 % Confidence
interval, range (cm)
95 % Confidence
interval (cm)
Endonasal Male 7.19 0.490 6.95–7.44 0.248
Female 6.78 0.431 6.56–7.00 0.218
Transantral Male 4.83 0.597 4.58–5.09 0.256
Female 4.49 0.414 4.28–4.70 0.210
Difference between
Transantral and
Endonasal
Male 2.36 0.509 2.10–2.62 0.258
Female 2.29 0.340 2.12–2.46 0.172
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wide surgical corridor while maintaining a minimally
invasive method.
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Section 3 - Parapharyngeal Region 
Introduction 
The parapharyngeal region of the skull base requires extensive lateral resection of the 
skull base to obtain surgical access. This section focuses on the publication that looked at 
accessing the region utilizing a less invasive approach using an endoscope. 
Accessing the Parapharyngeal Space: An anatomical study comparing the 
endoscopic and open approaches.  
Van Rompaey J, Suruliraj A, Carrau R, Panizza B, Solares C. 
Laryngoscope 2013;123:2378-2382, October 2013 
 
Publication Summary 
This publication looks at an expanded endoscopic approach utilizing a combined 
transmaxillary/endonasal corridor to access the parapharyngeal space. The subtemporal 
preauricular, infratemporal fossa approach was completed to compare the anatomical 
relationships that were achieved. This article was also featured on the front page of the 
issue of Laryngoscope.  
Candidates Contribution 
The majority of data collection, analysis and preparation of the manuscript were performed 
by myself.  I completed all of the dissections featured in the paper. Anand Suruliraj also 
completed approximately 15% of the dissections used in the study. The findings were 
presented at the North American Skull Base Society Annual meeting in Las Vegas, 
Nevada in 2011.  
Significance of Work 
The subtemporal preauricular, infratemporal fossa approach is a highly invasive approach 
that causes irreparable resection of the temporomandibular joint and extensive cosmetic 
damage. Partial cranial resection is also required as well as brain retraction. An 
endoscopic approach could help to obviate the drawbacks of an open approach. The 
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anatomy was accessed endoscopically, underscoring the possibility of utilizing this as 
corridor to access pathology more anteromedially within the parapharyngeal space. 

The Laryngoscope
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Access to the Parapharyngeal Space: An Anatomical Study
Comparing the Endoscopic and Open Approaches
Jason Van Rompaey, BS; Anand Suruliraj, MS, FRACS; Ricardo Carrau, MD;
Benedict Panizza, MBBS; C. Arturo Solares, MD
Objectives/Hypothesis: A subtemporal preauricular approach to the infratemporal fossa and parapharyngeal space has
been the traditional path to tumors of this region. The morbidity associated with this procedure has lead to the pursuit of
less invasive techniques. Endoscopic access using a minimally invasive transmaxillary/transpterygoid approach potentially
may obviate the drawbacks associated with open surgery. The anatomy of the parapharyngeal space is complex and critical;
therefore, a comparison of the anatomy exposed by these different approaches could aid in the decision making toward a
minimally invasive surgical corridor.
Study Design: Technical Note.
Methods: The parapharyngeal space was accessed endonasally by removal of the medial and posterior walls of the max-
illary sinus. To allow better visualization and increased triangulation of a bimanual dissection technique, a sublabial canine
fossa antrostomy was created. The medial and lateral pterygoid plates were removed. Further lateral dissection exposed the
relevant anatomy of the parapharyngeal space. A subtemporal preauricular infratemporal approach was also completed.
Results: The endoscopic approach provided sufficient access to the superior portion of the parapharyngeal space. The
open approach also provided adequate access; however, it required a larger surgical window, causing greater injury. A signifi-
cant advantage of the subtemporal approach is the improved access to the petrous portion of the internal carotid artery.
Conversely, the endonasal approach provided improved access to the anterior and medial portions of the superior paraphar-
yngeal space.
Conclusion: Endoscopic endonasal access utilizing a transmaxillary/transpterygoid approach provides a sufficient surgi-
cal window for tumor extirpation. Utilization of this approach obviates some of the morbidity associated with an open
procedure.
Key Words: Subtemporal preauricular infratemporal fossa, parapharyngeal space, sublabial canine fossa antrostomy, en-
doscopic endonasal, transmaxillary, transpterygoid.
Level of Evidence: 5.
Laryngoscope, 00:000–000, 2013
INTRODUCTION
Tumors of the parapharyngeal space (PPS) are over-
all rare and account for approximately 0.5% of total
head and neck neoplasms.1 Approximately 80% are
benign and can include neurofibromas and schwan-
nomas. Nasopharyngeal carcinomas account for most of
the malignancies, but adenoid cystic carcinomas,
adenocarcinomas, rhabdomyosarcomas, melanomas, lym-
phomas, reticular cell carcinomas, and metastases have
been noted to involve the parapharyngeal space.2–4 The
anatomical contents of the PPS are deep within the lat-
eral skull base, extending down the neck. Pathology in
this location leads to nonspecific symptoms and clinical
findings; thus, the diagnosis largely depends on a high
index of suspicion and the use of imaging.
Obtaining access to this deep-seated pathology has
been a challenge. The neurovascular anatomy is not
only dense, but also vital; therefore, disruption fre-
quently leads to serious morbidity or even mortality. The
goal of tumor extirpation is to obtain clear margins, and
our ability to accomplish this largely depends on the ad-
equacy of direct visualization. Creating an adequate win-
dow for visualization has led to the development of
various surgical corridors. Open approaches were origi-
nally developed to obtain access laterally. This approach
usually involves the use of the microscope, which aids in
ascertaining the underlying anatomical relationships. A
subtemporal preauricular infratemporal approach was
developed to access the lateral skull base up to the mid-
clival region, and has been the route of choice for access-
ing the PPS.5
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The subtemporal preauricular infratemporal
approach requires a temporal or fronto-temporal craniot-
omy with significant resection of the lateral portion of
the middle cranial fossa. It often involves sacrificing
major neurovascular structures such as the mandibular
division of the trigeminal nerve and the middle menin-
geal artery. The extensive resection required to create
an adequate corridor brings associated morbidities.
These morbidities have prompted the search for less
invasive routes.
The advancement of optical technology, such as the
rod-lens endoscope, has allowed surgeons to have a
direct visualization of the anatomy. Endoscopic technol-
ogy has been widely applied throughout multiple surgi-
cal disciplines. In recent years the endoscopic endonasal
approach has been expanded to include lateral portions
of the skull base, extending from the sphenoid and clival
areas to lateral portions of the middle cranial fossa.6
Endonasal access to the parapharyngeal space has also
been accomplished, with promising outcomes similar to
open approaches.4
The purpose of this anatomical study is to contrast
the open approach with the endoscopic, allowing for a
description and comparison of the exposure obtained by
both approaches. We aimed to yield improved knowledge
of the anatomy of this complex region of the skull base.
An improved understanding of the anatomy associated
with a particular exposure could enable a practitioner to
make the best decision as to which is the optimal
approach for tumor extirpation. In turn, this in turn will
improve the patient’s outcomes.
MATERIALS AND METHODS
Specimens
Eight anatomic specimens were selected for dissection.
Each was selected based on patent endovascular structures and
closeness to time of death. The cadavers were preserved in alco-
hol and injected with blue and red latex in internal jugular
vein, common carotid artery, and vertebral arteries respectively.
The heads were prepared according to the procedure laid out by
Sanan et al.7 Out of eight specimens dissected, six were male
head and two were female cadaver heads. There are no gross
anatomical variations noted between the specimens dissected in
terms of access. However, the posterior wall of maxillary sinus
was found to be thicker in males when compared to female
specimens. In well-pneumatized maxillary sinuses, the dissec-
tion of posterior wall of maxillary sinus was found to be far
easier.
Subtemporal Preauricular Infratemporal Fossa
Dissection Technique
A scalp incision was made extending from the midline of
the frontal scalp, extending preauricular in a curvilinear fash-
ion anterior to the external meatus. The scalp is reflected ante-
riorly to expose the orbital rim, exposing the superior periorbita
that is dissected from the roof of the orbit. The superficial layer
of the deep fascia of the temporalis muscle is incised, following
an imaginary line from the orbital rim to the root of the zygo-
matic arch. Reflection of this fascia, in continuity with the peri-
osteum of the orbit zygomatic complex, preserves and protects
the frontal branch of the facial nerve while exposing the entire
complex. The periorbita is then dissected from the lateral and
inferior walls of the orbit, exposing the inferior orbital fissure.
The temporalis muscle is then reflected inferiorly using a peri-
osteal elevator. Removal of the zygomatic arch facilitated fur-
ther reflection of the temporalis muscle further inferiorly
(enhanced even more by removal of the coronoid process). A
fronto-temporal craniotomy was undertaken with a high-speed
drill (Stryker, Kalamazoo, MI) with a diamond tip to create the
burr hole. Changing the attachment to a cutting tool, the crani-
otomy was completed and the mandibular condyle was dislo-
cated from the glenoid fossa inferolaterally.
As the dura mater was retracted medially, the trigeminal
ganglion, V2 extending into foramen rotundum, V3 extending
into foramen ovale, middle meningeal artery extending into fo-
ramen spinosum, and foramen lacerum were identified. The
skull base lateral to foramen ovale and foramen spinosum was
then resected. The rostral border of this resection extended
from the rostral border of the foramen rotundum laterally to
the infratemporal fossa. The caudal border extended from the
foramen spinosum to the glenoid fossa. This resection included
the glenoid fossa. The bone lateral to foramen lacerum was
removed, exposing the petrous carotid artery. The carotid artery
was followed into the parapharyngeal space, removing bone ros-
trally and laterally. The carotid artery, CNs IX, X, and the in-
ternal jugular vein were then dissected to reveal their
anatomical relationships. V3 was dissected through the para-
pharyngeal space to reveal its branches. Inferior to V3, the
medial and lateral pterygoid muscles were removed, providing a
clear corridor of the superior portion of the parapharyngeal
space (Fig. 1).
Fig. 1. Lateral open approach: The subtemporal preauricular
infratemporal approach showing the contents of the superior para-
pharyngeal space. APA5ascending pharyngeal artery; CNIX5
glossopharyngeal nerve; GSPN5greater superficial petrosal
nerve; ICA5 internal carotid; MA5maxillary artery; MMA5middle
meningeal artery; SPM5 stylo pharyngeal muscle; V25maxiallary
division of the trigeminal nerve; V35mandibular division of the
trigeminal nerve.
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Combined transantral endonasal transpterygoid dis-
section. Using a 0-degree endoscope (Karl Storz Endoscopy;
Tuttlingen, Germany), the dissection was first completed endo-
nasally, followed by the creation of a transantral window. This
allowed the creation of a bimanual technique whereby the endo-
scope could be advanced transantrally, allowing direct, inline
visualization of the PPS.
The endonasal dissection began with performing medial
maxillectomy and complete spheno–ethmoidectomy. A sublabial
canine fossa antrostomy was created on the ipsilateral side of
the endonasal dissection. This window provided visualization of
the posterior wall of the maxillary sinus and also allowed inser-
tion of the instruments to triangulate with tools inserted endo-
nasally; thus allowing a comfortable bimanual technique.
The infraorbital nerve was identified and dissection of the
posterior maxillary wall was completed inferiorly. The spheno-
palatine fossa was then dissected to reveal the internal maxil-
lary artery (IMA) (Fig. 2). The IMA was dissected medially to
identify its distal branches. The soft tissue contents of the
sphenopalatine fossa were retracted laterally to expose the
medial and lateral pterygoid plates. Pterygoid plates were
drilled out to expose the pterygoid muscles. During this part of
the dissection, V3 and its corresponding branches were identi-
fied. Posterior to V3 and lateral to the Eustachian tube, the con-
tents of the PPS were dissected and identified. This included
the internal carotid artery, the stylopharyngeus muscle, CN X,
IX, and the internal jugular vein (Figs. 3 and 4). Photographic
evidence was then obtained for review.
RESULTS
Access to the PPS was obtained with both a com-
bined transantral/endonasal approach and a subtemporal
preauricular infratemporal approach. Both approaches
provided an adequate surgical corridor to the PPS and
contents. However, anterior access to the superior portion
Fig. 2. Transantral endoscopic approach: Removal of the posterior
wall and pterygoids revealing the contents of the sphenopalatine
fossa anteriorly and parapharyngeal space inferiorly. CNIX5glos-
sopharyngeal nerve; CNX5 vagus nerve; GP5greater palatine;
ICA5 internal carotid; IJV5 internal jugular vein; IMA5 internal
maxillary artery; SPA5 sphenopalatine artery; V35mandibular
division of the trigeminal nerve.
Fig. 3. Transantral endoscopic approach: Removal of the ptery-
goids showing the contents of the parapharyngeal space. Ant
DivV35 anterior division of the mandibular branch of the trigemi-
nal nerve; APA5 ascending pharyngeal artery; CNIX5glossophar-
yngeal nerve; CNX5 vagus nerve; ICA5 internal carotid; MA5
maxillary artery; MMA5middle meningeal artery; SPM5
stylopharyngeal muscle.
Fig. 4. Transantral endoscopic approach: Further dissection of the
parapharyngeal space with removal of the tensor palati and the
mandibular branch of the trigeminal nerve. APA5 ascending
pharyngeal artery; CNIX5glossopharyngeal nerve; CNX5 vagus
nerve; ICA5 internal carotid; IJV5 internal jugular vein; MA5
maxillary artery; MMA5middle meningeal artery.
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of the PPS was achieved endoscopically without skull
base resection or brain retraction. The endoscopic dissec-
tion was a multistep process and occurred in a confined
space, which increased the total work time. In contrast,
the subtemporal preauricular infratemporal approach
offered a larger corridor and required less time to
complete.
Improved, direct line of visualization was comple-
mented by triangulation of instrumentation in the bima-
nual dissection. Lateral structures such as the
temporalis muscle and zygoma were also left undis-
turbed in this approach.
Even though greater cranial resection was required
in the subtemporal preauricular infratemporal approach,
this approach provided improved access to the superior
and posterolateral area of the PPS. In addition to the
craniotomy, major arteries and nerves were resected.
This included the MMA and V3 with its corresponding
branches.
DISCUSSION
The PPS contains critical anatomical structures; it
is understandable how such structures are found distant
from the external environment. However, the protected
position afforded by the deep-seated nature of the anat-
omy presents a challenge for surgical access. The PPS is
considered a potential space and takes the shape of an
inverted pyramid. The base of the pyramid is at the
skull base, and the inferior apex terminates at the
greater cornu of the hyoid bone. Its lateral borders are
the posterior belly of the digastric muscle, the mandible,
and the medial pterygoid muscle. Anteriorly, the ptery-
goid fascia and the pterygomandibular raphe define the
border. The buccopharyngeal fascia-superior constrictor
muscle complex and the fascia covering the tensor and
levator veli palatini muscles limit the PPS medially.
The PPS is further subdivided into prestyloid, also
known as the anterolateral compartment, and poststy-
loid (posterolateral) compartment. The parotid gland,
fat, and lymph nodes are contained in the prestyloid
compartment. Vital structures such as CN IX–XII, the
internal jugular, and the internal carotid artery are
located in the poststyloid compartment.
To access tumors located in the cephalic aspect of
the PPS, multiple approaches were developed. These
approaches included the transoral, transcervico-submax-
illary, trancervical, transparotid, transmandibular, and
mandibular swing.1 Each provided access to different
locations of the PPS with varying degrees of exposure
and associated comorbidities.1,8–10 One of the most com-
mon approaches to the superior portion of the PPS is the
subtemporal preauricular infratemporal. This approach
was originally described by Sekhar and Schramm in
1987,11 and was designed to create exposure of the mid-
dle third of the clivus while preserving surrounding
structures. The subtemporal preauricular infratemporal
approach was adapted for the use of tumors occupying
the superior PPS. Unfortunately, the invasive nature of
this procedure requires removal of the lateral border of
the parapharyngeal space and the contents of the
infratemporal fossa. Removal of the infratemporal fossa
requires resection of the condyle of the mandible, maxil-
lary artery, pterygoid venous plexus, and pterygoids. It
can also be complicated by persistent intraoperative
bleeding. The significant iatrogenic defect could produce
functional limitations as well as cosmetic concerns.
Of the tumors located in the parapharyngeal space,
approximately 80% are benign and 20% are malignant,
and overall salivary gland tumors account for 40%.1 The
endonasal approach will be suitable for tumors occupy-
ing or extending into the superior aspect of paraphar-
yngeal space, in close proximity to the skull base.
However, tumors originating in the poststyloid compart-
ment of PPS pose a greater challenge for endonasal
approach as the carotid artery and internal jugular vein
stand in the way of dissection. Neurogenic tumors, due
to their poststyloid location, are better dealt with by an
external approach. Vascular tumors are better dealt
with by an external approach, as control of bleeding can
be a major issue with endonasal approach. In addition,
the surgical goals (i.e., biopsy vs. en bloc resection) may
influence the approach selection.
The subtemporal preauricular infratemporal
approach can be combined with a fronto-temporal crani-
otomy to create a line of access that is superior to the
PPS. Visualization is assisted with an operating micro-
scope. Unfortunately, this requires brain retraction,
which increases the likelihood of associated morbidities
such as encephalomalacia, hemorrhage, and edema.12,13
It also creates a large cosmetic defect, and its recon-
struction may be difficult.
A smaller surgical corridor afforded by the endo-
nasal approach has led to the avoidance of an external
incision, leading to less damage to surrounding struc-
tures and in most cases shorter hospital stays.12 The use
of endoscopic technology overall has lessened patient
morbidity, which explains the current increase in
research and use in practice.
The endoscope has become an invaluable tool in
skull base surgery. With use of an expanded endonasal
approach, almost the entire ventral skull base can be
accessed.14 As part of this expanded approach, surgical
corridors extending into the PPS have also been
achieved with similar outcomes to open approaches.4
Utilizing a minimally invasive approach to the PPS is
an attractive alternative to an open approach and the
associated comorbidities.
In this study the endoscopic dissections were com-
plex and multistaged. However, a clear view of the supe-
rior portion of the parapharyngeal space was achieved.
The complexity of the endonasal dissection could create
a problem with prolonged operating times. Creating an
endonasal then transantral corridor adds additional
time to the overall procedure. In contrast, the craniot-
omy and skull base resection of the subtemporal preaur-
icular infratemporal approach was completed in shorter
times.
One advantage of utilizing the transantral approach
is that it created a direct line of view of the internal
structures. This allowed for facile identification of anat-
omy as the dissections progressed.
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However, as the dissection proceeded posteriorly, it
was necessary to sacrifice some of the anterior struc-
tures, including the maxillary artery. This artery could
become a potential source of hemorrhage during surgery,
and thus adequate identification and clipping is para-
mount during live surgery. Depending on tumor location,
portions of V3 may also need to be transected. If the tu-
mor is located closer to the cartilaginous portion of the
Eustachian tube, it could easily be accessed without any
interruption in V3 functioning.
The endoscopic corridor created was narrow in com-
parison with the subtemporal preauricular infratemporal
approach, and at times this created some difficulty in
manipulation of the instruments. This became more
problematic as dissection was extended posteriorly into
the deeper portions of the PPS. This could be of concern
if a large tumor is present posterolaterally. The smaller
surgical window may also require piecemeal removal of
a neoplasm. Piecemeal resection has been used in the
endonasal management of malignant tumors in other
regions without significant adverse oncologic outcomes.
Removal of the pterygoids plates and muscles were
essential for full endoscopic exposure of the PPS. Re-
moval of the pterygoids could possibly cause trismus.
This would be similar with the subtemporal preauricular
infratemporal approach. Using endoscopy, however, the
temporalis muscle, masseter, and proximal portions of
the maxillary were all preserved. This could possibly
lessen the effect of trismus in an endoscopic approach
when contrasted with a patient who had an open
procedure.
Exposure of the carotid is of concern in both
approaches. Rupture of the carotid during surgery can
have life-threatening consequences. With the subtempo-
ral preauricular infratemporal approach, direct manipu-
lation of the carotid may occur, depending on the
location of the neoplasm. However, with this approach
the expanded surgical corridor facilitates the possibility
of repair. Conversely, repair of a carotid rupture is a
challenge during an endoscopic approach. Proximal con-
trol of the carotid artery could help limit bleeding in
both approaches.
Exposure of the carotid also poses the possibility of
a life-threatening blowout. It is important to apply the
appropriate reconstructive techniques to obviate this
complication. This would need to be employed in either
approach. Endoscopically, a nasoseptal flap could be
used to provide coverage of the ICA.15,16 Tumors that
require manipulation of the internal carotid artery could
be a relative contraindication for an endoscopic approach
and should only be attempted by experienced surgeons,
especially considering the difficulty of endoscopic access
during an emergency.
CONCLUSION
An endoscopic approach provides an additional tool
when assessing a strategy for removing pathology from
the PPS. The endoscopic approach could be considered
an alternative when the neoplasm is located superoan-
teriorly in the PPS. Utilization of the endoscope could be
considered an expansion of the surgeon’s armamentar-
ium rather than a replacement. As always, the surgeon’s
experience, and the nature and location of the pathology
help select the best method intervention.
Overall, an endoscopic endonasal access utilizing a
transantral/endosnasal approach provided a sufficient
surgical window for tumor extirpation. Utilization of this
approach could obviate the morbidity associated with an
open procedure. Further understanding of the endo-
scopic anatomy of this region could lead to improve-
ments in morbidity associated with tumor resection in
this dense neurovascular region.
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Section 4 - Cerebellopontine Region  
 
Introduction 
The cerebellopontine region is located slightly anterior to the brain stem where surgical 
access is made difficult by the dense neurovascular structures well protected by the 
temporal bone. Accessing this region is perhaps one of the more technically difficult 
surgical procedures. The papers involved in this section examine minimally invasive 
approaches and compare this to open approaches.  
Minimally Invasive Access to the Posterior Cranial Fossa: An Anatomical Study 
Comparing a Retrosigmoidal Endoscopic Approach to a Microscopic Approach.  
 
Van Rompaey J, Bush C, McKinnon B, Solares C.  
Journal of Neurological Surgery Part A: Central European Neurosurgery, 2013 
Jan;74(1):1-6. 
 
Publication Summary 
The cerebellopontine angle can be approached utilizing a retrosigmoidal craniotomy. 
Traditionally a microscope is required for visualization. This study used a minimized 
keyhole craniotomy utilizing a rigid endoscope for visualization. A microscope was then 
used to view the same anatomy. A comparison was made to look at the advantage of 
using an endoscope en lieu of a microscope.  
Candidates Contribution 
The majority of data collection, analysis and preparation of the manuscript were performed 
by me.  I completed all of the dissections used in this study. The findings were presented 
at the Georgia Neurosurgery Society annual meeting (May 2012) Sea Island  
Significance of Work 
The view obtained from the endoscope provided greater overall visualization utilizing a 
smaller craniotomy. The advantage of having increased visualization allows for a reduction 
in iatrogenic damage, as less brain retraction is required. Utilizing an endoscope also 
allowed increased access to regions of the brain that were not accessible utilizing a 
microscope.
Minimally Invasive Access to the Posterior
Cranial Fossa: An Anatomical Study Comparing
a Retrosigmoidal Endoscopic Approach to
a Microscopic Approach
Jason Van Rompaey1 Carrie Bush1 Brian McKinnon1 Arturo C. Solares1
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Introduction
The cerebellopontine (CP) angle is located in the anatomically
dense skull base and can be associated with a wide variety of
pathology that may require surgical intervention.1–4 The
pathology may include neurovascular compression and
aneurysms.1–3,5 However, the most common disease requir-
ing surgical excision are tumors.1,5 The limited access to this
region has prompted investigators to innovate methods of
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Abstract Objectives The central location and complex neurovascular structures of the posterior
cranial fossa make tumor resection in this region challenging. The traditional surgical
approach is a suboccipital craniotomy using a microscope for visualization. This
approach necessitates a large surgical window and cerebellar retraction, which can
result in patient morbidity. With the advances in endoscopic technology, minimally
invasive access to the cerebellopontine angle can be achieved with minimal manipula-
tion of uninvolved structures, reducing the complications associated with the sub-
occipital approach.
Methods An endoscopic and microscopic approach was completed on anatomic
specimens. To access the central structures of the posterior cranial fossa, a retro-
sigmoidal approach was undertaken. A keyhole craniotomy was made in the occipital
bone posterior to the junction of the transverse and sigmoid sinuses. The endoscope
was advanced and photographs were obtained for review. The exposure was compared
with that obtained with a microscope.
Results The endoscopic retrosigmoidal approach to the posterior cranial fossa
provided increased exposure to the midline structures while minimizing the surgical
window. The relevant anatomy was identified without difficulty.
Conclusion An endoscopic retrosigmoidal approach to the midline structures of the
posterior cranial fossa is anatomically feasible. The morbidity associated with retraction
of the cerebellum could possibly be avoided, improving patient outcomes. Retrosig-
moidal endoscopy provides access to anatomical structures that is not possible using a
microscope in a suboccipital approach. Further understanding of the endoscopic
anatomy of the posterior fossa can allow for advances in cranial base surgery with
improved safety and efficacy.
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creating an adequate surgical corridor while limiting the
damage and sacrifice of surrounding structures.
As with any surgical procedure, an adequate window of
visualization is key to providing operative success. The most
commonly used surgical approach for accessing the CP angle
has been a lateral suboccipital craniotomy, also known as the
retrosigmoidal approach.2,4 This creates a direct path along
the petrous portion of the temporal bone toward the CP angle.
By convention, the operativemicroscope has been used as the
primary instrument of visualization to identify the fine
anatomical structures, resulting in successful tumor extirpa-
tion and neural decompressive treatments.
However, for the microscope to obtain an adequate surgi-
cal corridor, retraction of the cerebellum is required4with the
consequence of cerebellar manipulation, increasing the pos-
sibility of morbidity.5–7
This associated morbidity has prompted the investigative
use of endoscopy in the application of CP access.5 Endoscopy
is applied to many surgical disciplines, enabling adequate
visualization while minimizing injury to surrounding anato-
my. Endoscopic surgery to the skull basemay obviate many of
the drawbackswith open approaches.8 The deep and complex
nature of CP anatomy makes this region an attractive candi-
date for endoscopy-assisted surgery.4,5
The purpose of this study is to evaluate the extent of
surgical visualization that can be achieved with an endoscop-
ic retrosigmoidal approach to the CP angle. A comparison to
the views created by a microscope and an outline of the
procedures taken to access the various structures will be
made.
Materials and Methods
Specimens
Two anatomic specimens were obtained to review the rele-
vant anatomy. After being preserved in alcohol, they were
injected with colored latex highlighting the arterial and
venous vasculature. The procedure for head injection was
followed according to the guidelines set by Sanan et al.9
Retrosigmoidal Keyhole Craniotomy
The craniotomy for the retrosigmoidal approach is madewith
the intention of creating the ideal path to the CP angle while
avoiding hemorrhage of the transverse and sigmoid sinuses. A
lateral suboccipital craniotomy allows a direct path to the CP
angle with minimal retraction of the cerebellum. This ap-
proach is parallel and inferoposterior to the superior petrosal
sinus and the petrous portion of the temporal bone.
To preserve the transverse and sigmoid sinuses, landmarks
for the keyhole craniotomy were first established. Raso and
Gusmao10 provided guidelines for optimal placement of the
retrosigmoidal craniotomy. Following these directions, a line
was made from the inion to the superior border of the
zygomatic arch. This line approximates the inferior border
of the transverse sinus along the occipital bone. Another line
was then made concurrent with the digastric fossa posterior
to the mastoid process. This approximates the border of the
sigmoid sinus. The intersection of the two lines was the
inferior border of the intersection of the sigmoid and trans-
verse sinus. These lines also were the superior and supero-
lateral borders of the craniotomy. A sagittal incision of
sufficient size was made medial to the intersecting lines to
allow a 25 mm craniotomy. Skin retractors and a periosteal
elevator were used to reveal the occipital bone. A high-speed
drill with a diamond bit was then used to obtain a burr hole. A
cutting tool was then taken and the small 25 mm bone flap
was created. The dura was cut along the borders of the
craniotomy and reflected superiorly.
Dissection Technique
A zero-degree rod endonasal endoscope (Karl Storz, Tuttlin-
gen, Germany) was inserted into the craniotomy. The endo-
scope was placed on a stand, permitting bimanual micro-
dissection technique of the contents of the posterior fossa.
Arachnoid mater was removed surrounding the contralateral
cranial nerve (CN) XI and posterior brain stem. The endoscope
was then directed to the ipsilateral side and CN VII, VIII, IX, X,
and XI were visualized after removal of the obscuring arach-
noid mater. The endoscope was placed superiorly in relation
to the craniotomy. This enabled access to CN Vand VI without
damaging cranial nerves VII andVIII. CN IVwas then dissected
at the tentorial incisure. This nervewas dissectedmedial until
the origin was reached, inferior to the inferior colliculus.
Anterior to CN V, the petrosal vein was then divided from
the tentorium, allowing the endoscope unobstructed pene-
tration deeper into the posterior fossa toward the clivus. This
permitted better visualization of CN III, which was then
dissected. Advancing the endoscope along the petroclival
border into the sella allowed direct visualization of the
pituitary stalk and mamillary bodies. The arachnoid mater
was dissected from these structures to allow an unobstructed
view via a small surgical window. Digital high-definition
photographs were then obtained of all the relevant
structures.
An operating microscope (Carl Zeiss Meditec, Inc. Dublin,
California) was then used to view the same anatomy through
the same 25 mm craniotomy used for endoscopy. Photo-
graphswere also obtained for a comparison to the endoscopic
approach.
Results
Using a zero-degree rod endoscope through a 25 mm retro-
sigmoidal craniotomy, a sufficient view of the structures to
the CP angle was obtained. The acoustic meatus with the
associated CN VII/CN VIII complex was the most prominent
landmark after creating the initial craniotomy. Dissection of
this region using a bimanual microsurgical technique was
facile and required minimal cerebellar retraction. After es-
tablishing the CN VII/CN VIII complex as a reference point,
posterior access to CN IX through CN XIwas obtainedwithout
difficulty. As with the CN VII/CN VIII complex, only minimal
cerebellar retraction was necessary, and a sufficiently large
surgical corridor for dissection was maintained.
Moving rostrally, CN V could be accessed with little
interference with the cerebellum. However, as the endoscope
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moved deeper into the CP angle, visualization of the caudal
structureswas lost. Particularly, the CNVII/VIII complexcould
be accidentally lesioned. In one cadaver, CN VIII was cut
accidentally while dissecting CN IV and CN V.
Rotating the endoscope superiorly in the craniotomy and
inserting it slightly inferior to the tentorium avoided inter-
ference with CN VII/VIII. However, this approach did require
more manipulation of the cerebellum. Using the superior
position of the endoscope was helpful for dissecting CN VI.
The inferior position of CN VI placed CN VIII at greater risk for
iatrogenic trauma. To gain an unobstructed view of CN VI
from this vantage point required the excision of the petrosal
vein, which was located posteriorly to the CN V (►Fig. 1).
Similar views of CN V through XI were obtained via
microscope (►Figs. 2–4). However, the additional retraction
of the cerebellum with the a brain spatula was required. The
microscopic line of sight view meant that the microsurgical
instruments obscured the anatomy during dissection. This
required alteration of the dissection technique and positional
changes of the microscope.
Views of CN III and the pituitary stalk were unobtainable
with the microscope. CN III, infundibulum, mamillary bodies,
Fig. 2 Endoscopic (left) and microscopic (right) views of the trigeminal nerve (CN V) and the facial/vestibulocochlear nerve complex (CN VII and
CN VIII). AICA, anterior inferior cerebellar artery; CN IX, glossopharyngeal nerve; PICA, posterior inferior cerebellar artery.
Fig. 3 Endoscopic (left) and microscopic (right) views of the lower cranial nerves. CN V, trigeminal nerve; CN VIII, vestibulocochlear nerve; CN IX,
glossopharyngeal nerve; CN X, vagus nerve; CN XI, spinal accessory nerve; PICA, posterior inferior cerebellar artery.
Fig. 1 Endoscopic view of the trigeminal nerve (CN V), with abducent
nerve (CN VI) that was exposed after cutting the superior petrosal vein.
AICA, anterior inferior cerebellar artery; SCA, superior cerebellar
artery.
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and clivus were all clearly visualized using the endoscope
(►Figs. 5 and 6). Dissection of the pituitary stalk was facile;
however, the working space was limited when compared
with that in the CP angle. As with all deeper structures,
caution was undertaken to prevent trauma of the caudal
neurovascular structures. The surgical corridor to the clivus
was larger when compared with the suprasellar region, but
was still smaller than the surgical corridor to the CP angle.
The dissection of CN IV could be completed with both the
microscope and endoscopy (►Fig. 7). However the endoscope
permitted complete dissection of this nerve from the tento-
rium incisure to its point of origin inferior to the inferior
colliculus (►Fig. 8). To permit a sufficient surgical corridor
additional cerebellar retraction was required.
Views of the contralateral CN XI, and posterior medulla
oblongata were obtained with the endoscope. These struc-
tures could not be visualized with the microscope (►Fig. 9).
Dissections of these regions were possible, however, with the
use of angled instruments. Similarly angled instruments
Fig. 4 Endoscopic (left) and microscopic (right) views of the spinal accessory nerve (CN XI), hypoglossal nerve (CN XII), and the posterior inferior
cerebellar artery (PICA).
Fig. 5 Endoscopic view of the oculomotor nerve (CN III) and the
rostral/caudal divisions of the superior cerebellar artery.
Fig. 6 Endoscopic view of the suprasellar space. Ant. Comm. Artery,
anterior communicating artery; MCA, middle cerebral artery.
Fig. 7 Endoscopic view of the tentorium incisure with related
anatomy. CN III, oculomotor nerve; CN IV, trochlear nerve; SCA,
superior cerebellar artery.
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could also permit access to CN XII (►Fig. 10). However,
manipulation and possible transection of CNXI could possibly
be required. The roots of C1 were also identified with the
endoscope. However, like the access to CN XII, transection of
neurovascular structures would be required and thereby
would limit access to this region using a retrosigmoidal entry
point.
Discussion
The CP angle is divided into a superior and inferior limb with
the lateral borders being the petrosal surface of the cerebel-
lum as they fold around the pons and the middle cerebral
peduncle.1,2 The cerebral peduncle and pons alongwith CN IV
and V form the superior limb. The medulla oblongata along
with CN IX, X, and the spinal accessory nerves create the
inferior limb. CN VI is located at the junction of the superior
and inferior limbs.2 CN VII and VIII are also native to this
junction.
Surgical access to the CP angle is of particular importance
because of the pathology that can be found in this region.1–3
Only 10% of intradural tumors can be found in the CP angle.11
Even though the occurrence is rare, they may still necessitate
surgical intervention.2 Sometimes the tumor may be fatal,
which underscores the urgency for intradural surgery.12 The
most common tumors of the CP angle are vestibular schwan-
nomas, which account for 78%.13 Many other tumors affect
this area and include meningiomas, epidermoid tumors,
arachnoid cysts, and lipomas.1,2,14,15
Neurovascular compression syndromes may also necessi-
tate surgical access to the CP angle.2,3,5,16 Arterial compres-
sion of the trigeminal nerve is a cause of trigeminal neuralgia
and can be relieved via surgical decompression. Similarly,
surgical decompression techniques may be applied to abdu-
cens and the vestibulocochlear neurovascular complexes.2,3
The retrosigmoidal approach also permits lateral access to the
anterior inferior cerebral artery, which may also create
compressive symptoms of the facial nerve.2,17
The traditional retrosigmoidal approach to the CP angle
uses a microscope for visualization. This has necessitated a
larger surgical window to allow an unobstructed view of the
targeted neurovascular structures.4 The craniotomy needs to
be sufficiently large to view deep into the midline of the
posterior fossa.4 To achieve the adequate visualization, re-
traction of the cerebellum is necessary.4 Minimization of
brain manipulation and retraction is desirable because com-
pression causes decreased cerebral perfusion.5–7 This in-
creases the risk of infarction and other morbidities.6,7
The development of the endoscope has permitted the
visualization of deep-seated structures without the need for
highly invasive open surgeries. Endoscopic technology is now
widely used by many surgical disciplines. Otolaryngology and
neurosurgery have successfully applied the technology to
create a variety of innovative skull base approaches.8 These
Fig. 8 Endoscopic view of the posterior midbrain. CN IV, trochlear
nerve; SCA, superior cerebellar artery.
Fig. 9 Endoscopic view of the contralateral brain stem using the same
retrosigmoidal craniotomy as the other figures. CN XI, spinal accessory
nerve.
Fig. 10 Endoscopic view of the posterior medulla. CN XI, spinal
accessory nerve; PICA, posterior inferior cerebellar artery.
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endoscopic approaches have helped improve patient outcomes
and are, in some cases, an attractive alternative to open
surgery.
The endoscope allows to visualize the targeted anatomy
directly, allowing to use minimized surgical corridors. This
contrasts with microscopic approaches where structures ob-
structing the view on the targeted lesion needs to be reflected
or excised. Endoscopy has the ability to obviate the morbidity
associatedwith themanipulation and removal of vital tissue. It
is for this reason that the endoscopehas assisted the surgeon to
obtaining direct visualization of structures and pathologies of
the skull base. These advantages have provided the impetus for
the increasing use of the endoscope.
When approaching the CP angle, it is important to avoid
sinus bleeding through correct placement of the initial cra-
niotomy. A properly placed craniotomy also permits the
minimization of cerebellar retraction and a direct path to
the CP angle. Placing the craniotomy posterior to the sigmoid
sinus and inferior to the transverse sinus prevents
hemorrhaging complications. Raso and Gusmao provided
guidelines for the optimal placement of a retrosigmoidal
craniotomy.10 Using these guidelines, the location of the
intersection of the sinuses appeared to be consistently the
same when examining multiple dry skulls.
In this study, using a zero-degree rod endoscope through a
retrosigmoidal craniotomy, a sufficient view of the structures
to the CP angle was obtained. Dissection of the ipsilateral side
gave clear visualization of cranial nerves III to XII with the
associated vasculature. Additionally, a viewof CN IVattaching
to themidbrain inferior to the inferior colliculuswas possible.
The exposure could be further expanded into themiddle fossa
by drilling the suprameatal extension located posterior to
CN V and thereby permitting access to posterior section of
Meckel’s cave.2,17 Directing the endoscope anterior to the CP
angle along the clivus allowed visualization of the infundibu-
lum extending inferiorly into the sellae. The surgical corridor
to the clival region can also be expanded further when
combined with the endonasal approach. In addition, views
of the contralateral CN XI and posterior medulla oblongata
were obtained, although dissection in this area was challeng-
ing. The visualization obtained with the endoscope was
superior to that obtained with the microscope. Thus, from
an anatomical perspective, it is feasible to access deep struc-
tures in the posterior fossa using a keyhole craniotomy and
endoscopic visualization. It is important to understand the
limitations of the technology. One limitation is lacking visu-
alization of structures behind the tip of the endoscope.
Awareness of this limitation and a thorough knowledge of
the anatomy will prevent injury to important neurovascular
structures that are not in direct view during surgery.
Conclusion
A retrosigmoidal endoscopic approach to themidline structures
in the posterior fossa is anatomically feasible. The morbidity
associated with retraction of the cerebellum could possibly be
avoided, potentially leading to better patient outcomes. Retro-
sigmoidal endoscopy provides access to anatomical structures
which would not have been possible using a microscope in a
suboccipital approach. Further understanding of the endoscopic
anatomy of the posterior fossa can allow for advances in cranial
base surgery with improved safety and efficacy.
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Publication Summary 
This research paper looks at the transcochlear approach to the petroclival region. This is 
compared with the endonasal transclival approach. A volumetric analysis was undertaken 
to quantify the amount of resection with each approach. Surface area calculations were 
carried out to examine the amount of exposure. 
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research allowed for a comparison of the two approaches, both quantitatively and 
qualitatively. This information could aid a surgeons preoperative planning when they elect 
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Anatomical and Computed Tomographic Analysis of the
Transcochlear and Endoscopic Transclival Approaches to the
Petroclival Region
Eric Mason, BS; Jason Van Rompaey, MD; Ricardo Carrau, MD; Benedict Panizza, MBBS, MBA; C. Arturo
Solares, MD
Objectives/Hypothesis: Advances in the field of skull base surgery aim to maximize anatomical exposure while mini-
mizing patient morbidity. The petroclival region of the skull base presents numerous challenges for surgical access due to the
complex anatomy. The transcochlear approach to the region provides adequate access; however, the resection involved sacrifi-
ces hearing and results in at least a grade 3 facial palsy. An endoscopic endonasal approach could potentially avoid negative
patient outcomes while providing a desirable surgical window in a select patient population.
Study Design: Cadaveric study.
Methods: Endoscopic access to the petroclival region was achieved through an endonasal approach. For comparison, a
transcochlear approach to the clivus was performed. Different facets of the dissections, such as bone removal volume and
exposed surface area, were computed using computed tomography analysis.
Results: The endoscopic endonasal approach provided a sufficient corridor to the petroclival region with significantly
less bone removal and nearly equivalent exposure of the surgical target, thus facilitating the identification of the relevant
anatomy. The lateral approach allowed for better exposure from a posterolateral direction until the inferior petrosal sinus;
however, the endonasal approach avoided labyrinthine/cochlear destruction and facial nerve manipulation while providing an
anteromedial viewpoint. The endonasal approach also avoided external incisions and cosmetic deficits. The endonasal
approach required significant sinonasal resection.
Conclusions: Endoscopic access to the petroclival region is a feasible approach. It potentially avoids hearing loss, facial
nerve manipulation, and cosmetic damage.
Key Words: Cranial base, skull base, facial nerve, skull base endoscopic, petroclival, cerebellopontine angle.
Laryngoscope, 00:000–000, 2013
INTRODUCTION
Surgical access to the petroclival region of the skull
base is challenging. Tumors in this region may compro-
mise critical structures, mandating surgical interven-
tion.3–5 An adequate surgical window is vital to the
success of any surgery, a difficult goal in the petroclival
region. Visualization of tumors at or near the clivus is
difficult and needs the manipulation of functional struc-
tures with resulting morbidity.1,6 Surgeon experience
and preference, tumor-specific characteristics, and loca-
tion dictate the use of one or more surgical procedures
available to access petroclival lesions.7 A lateral corridor
offers better control of main vascular structures and is
considerably the most versatile. Temporal bone dissec-
tion is a requirement of a lateral approach.
Brain retraction, structural manipulation, and cos-
metic deficits are associated with open procedures; thus,
efforts to avoid these morbidities propelled the develop-
ment of endoscopic endonasal access to the skull base.
Used initially as a transsphenoidal corridor for sellar
lesions, the endoscopic endonasal approach (EEA) has
been expanded for midline access to the suprasellar, ret-
rosellar, and parasellar areas. This approach also obvi-
ates brain retraction, allows for better cosmetic
outcomes, and hastens patient recovery.2,8–10
Detailed knowledge of the anatomy and its relation-
ship to the tumor is essential in choosing and executing the
most advantageous route. The anatomy of this area has
been well described in the literature. In addition, research
has documented that the EEA and lateral approaches to
the lateral skull base can achieve comparable results in
terms of safe and efficient tumor resection.11–13 However,
few studies have compared the surgical corridors created
by the EEA and open approaches. The purpose of this arti-
cle is to compare the different facets of the EEA to the pet-
roclival area with those of the transcochlear approach.
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Utilizing both anatomical dissection and computed tomog-
raphy (CT) area/volume analysis, we will generate infor-
mation to assist the surgeon in determining the most
appropriate approach.
MATERIALS AND METHODS
Specimens
Eight anatomical specimens used were preserved in alco-
hol and injected with colored latex, following the method
reported by Sanan et al.14 Four specimens were used for the
transcochlear approach on each side for eight total dissections.
The other four were used for the endonasal transclival corridor.
Endoscopic Dissection Technique
Rod-lens 0! and 45! endoscopes provided visualization dur-
ing the endonasal dissections. An endoscopic endonasal trans-
clival dissection was performed for visualization of the pons,
cranial nerve (CN) II to XII, and associated vasculature. The
Fig. 1. (A) Endonasal 0! endoscopic view of the completely dissected medial skull base and Meckel’s cave. (B) Endonasal 0! endoscopic view of the
laterally dissected clivus showing cranial nerves III to XI with relevant vasculature. (C) Endonasal 0! endoscopic view of the laterally dissected clivus
showing the lower cranial nerves. (D) Endonasal 45! endoscopic view of the laterally dissected clivus showing cranial nerve XII, inserting into the hypo-
glossal canal. AICA5 anterior inferior cerebellar artery; BA5basilar artery; CN5 cranial nerve; GG5Gasserian ganglion; ICA5 internal carotid artery;
OA5ophthalmic artery; OCR5optic carotid recess; SCA5 superior cerebellar artery; SF5 sympathetic fibers; V15ophthalmic nerve; V25maxillary
nerve; V35mandibular nerve; VA5 vertebral artery. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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middle turbinates, vomer, sections of the nasal mucosa, and the
posterior third of the nasal septum were removed for visualiza-
tion. Bone from the sphenoid sinus rostrum and floor was
removed for a continuous corridor. Visualization of the internal
carotid artery canals as the lateral boundaries, the optic canals,
and the pituitary gland dura was afforded.
Clivus bone was extensively removed to reach the junction
of the basilar and vertebral arteries. Lateral bone removal
extended to a level slightly posterior to the paraclival internal
carotid artery. Dissection was meticulous around CN VI as the
exposed dura was opened and removed. Clinically, the trans-
dural nerve is at high risk for transection. Removal of the dura
enabled the identification of CN II to X, and inferior dissection
allowed visualization of CN XI and XII (Fig. 1A–D).
Lateral Dissection Technique
The lateral dissection was performed with an operative
microscope. A high-speed surgical drill and bone rongeurs facili-
tated bone removal, and a suction-irrigator managed tempera-
tures and removed bone debris.
A posterior C incision was made with complete transection
of the external auditory canal (EAC). In live surgery, blind sac
closure of the EAC would have been performed. A posteriorly
based U-shaped periosteal flap exposed the mastoid. A complete
mastoidectomy was performed, and the middle and posterior
fossa dura were exposed. The facial nerve was identified in the
vertical segment. The sigmoid sinus was completely skeleton-
ized and followed to the jugular bulb.
A labyrinthectomy allowed exposure of the internal audi-
tory canal. Next, the EAC was removed along with the middle
ear contents. The exposed facial nerve was skeletonized from
the stylomastoid foramen to the labyrinthine portion and trans-
posed posteriorly after transecting the geniculate ganglion. Dril-
ling proceeded anteriorly with removal of the cochlea and
identification of the carotid artery. The posterior fossa dura was
further exposed toward the petrous apex (Fig. 2A) allowing vis-
ualization of the inferior petrosal sinus (Fig. 2C). Dural removal
afforded views of CN V superiorly, CN VI as it travels into
Fig. 2. (A) View through an operating microscope of the transcochlear dissection showing the cerebellopontine angle. (B) View through an
operating microscope of the transcochlear dissection showing the lower cranial nerves and jugular bulb. (C) View through an operating
microscope of the transcochlear dissection showing the petrous internal carotid artery and drilled clivus which forms the medial limit of this
approach. (D) View through an operating microscope of the transcochlear dissection showing Dorello’s canal in the inferior petrosal sinus.
CN5 cranial nerve; ICA5 internal carotid artery. [Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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Dorello’s canal (Fig. 2D), and CNs IX, X, and XI inferiorly (Fig.
2B). The tentorium was divided across the superior petrosal
sinus, anterior to the vein of Labbe toward the incisura, and
posterior to the entry of the trochlear nerve; this allowed for
exposure of CN III and IV (Fig. 3).
Computed Tomographic Analysis
Virtual dissections and analysis were accomplished using
OsiriX (Pixmeo, Geneva, Switzerland), an open-source Digital
Imaging and Communications in Medicine image viewer that
can render simulations in three dimensions and compute sur-
face area and volume.
Data were collected from an internal review board-
approved database of 173 CT scans consisting of 105 males and
68 females above the age of 18 years. These included CT head
and neck angiographies collected between October 2011 and
December 2012. A random assignment of 24 males and 24
females was selected for both the clival and temporal bone anal-
ysis; for the temporal bone, the assignment of right or left side
was chosen at random.
To measure bone removal, a measuring tool was used on
CT plates to outline the region corresponding to either dissec-
tion (Fig. 4A,B). Three-dimensional (3D) rendering calculated
the volume. The virtual dissection was intended to replicate the
same removal of bone as in a surgical approach.
To measure the amount of exposure, calculations were
made of the surface area exposed. These virtual area calculations
were made using OsiriX on the same set of subjects used for the
volume calculations. Anatomical borders were selected and meas-
ured to accurately reflect a surgical dissection (Figs. 5 and 6).
Additionally, virtual dissections were performed on a 3D
rendering of a CT sample. The vasculature was highlighted to
model the pertinent vascular relationships (Fig. 7A,B).
RESULTS
The EEA and transcochlear approach were success-
fully performed. Both provided a sufficient corridor, yet
they created different views and exposure.
Endonasal Endoscopic Approach
Anteromedial access was achieved successfully on
four cadaveric specimens with the EEA. Each of the dis-
sections created unobstructed views of the anteromedial
skull base, which was consistent with prior studies of
endonasal anatomy.15 The anatomy of the posterior wall
of the sphenoid sinus consistently contained the easily
recognizable optic carotid prominence and recess, facili-
tating identification and dissection of the clivus inferi-
orly. After removal of the posterior wall of the clivus and
associated dura, unobstructed views of CN II to XII and
the neurovasculature were obtained (Fig. 1A–D). The
endonasal dissection with sinus instruments proceeded
well laterally but became limited in functionality near
the paraclival internal carotid arteries. It became too
inefficient in terms of time and safety to remove bone
Fig. 3. View through an operating microscope of the transcochlear
dissection after transection of the tentorium, showing the CN III,
IV and V. CN5 cranial nerve; GG5geniculate ganglion;
ICA5 internal carotid artery. [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]
Fig. 4. (A) Axial computed tomography (CT) scan with volume ren-
dering of the virtual clival dissection. The green line denotes the
lower limit for virtual bone removal. Red indicates the basilar and
internal carotid arteries. Blue represents the sigmoid sinus. (B)
Axial CT scan with volume rendering of the virtual temporal bone
transcochlear dissection. The green line is an example of the vir-
tual clival dissection. Red indicates the basilar and internal carotid
arteries. Blue represents the sigmoid sinus. [Color figure can be
viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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while circumventing the carotids. Sinus instruments
with sufficient angles to see around lacked the strength
to dissect bone, and stronger drills and bone rongeurs
lacked a sharp enough angle. Visualization was
improved with angled endoscopes, but this made posi-
tional perception difficult. At this point, the lateral
approach became significantly more efficient and the dis-
section was ended. However, the carotid barrier did
become a guide to indicate adequate exposure of the cra-
nial nerves.
The junction of the vertebral arteries indicated the
approximate level of CN VII/VIII. Inferior progression
revealed the lower cranial nerves. The lower limit of the
dissection was also limited by the angle and length of
instrumentation. As the corridor extended inferiorly it
also progressed further posteriorly. The length of the
devices became insufficient to create facile and safe dis-
section. Longer instruments, which were out of the scope
of traditional instrumentation and not used, could have
extended the approach.
Transcochlear Approach
The transcochlear dissection exposed the posterior
fossa and petroclival region reliably in all eight sides.
The contents of the cerebellopontine angle were
Fig. 5. An example of how the surface area was calculated for the presigmoid transcochlear approach. The coronal and axial views of a
computed tomography angiogram illustrating the measurements utilized to create the surface area. The three-dimensional volume rendering
demonstrates the area that was evaluated. The green lines denote the boundaries of the computation. OsiriX software was used to gener-
ate the images and measurements for the analysis. [Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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visualized, including CN V to XI and pons. Division of
the tentorium allowed for clear views of CN III and VI.
CN VII can be spared by posterior transposition; how-
ever, in the clinical setting function is compromised. The
transcochlear dissection involved: risk and manipulation
to CN VII, transection of CN VIII, cosmetic damage, and
labyrinthine and cochlear sacrifice. However, this
approach provided better access laterally by providing a
direct field with limited obstruction, as opposed to the
EEA, which lacks a direct approach to the lateral skull
base. Once the cochlea and labyrinth are removed with
the transcochlear dissection, opening of the internal
acoustic meatus allows CN VII to be mobilized and
avoided.
The use of the microscope allowed clear visualiza-
tion of anterior structures; however, as the dissection
continued medially, the corridor lengthened and became
narrower (ice cream cone effect). The inferior petrosal
sinus formed the most medial border (Fig. 2C). Visual-
ization was obstructed at times by instrumentation
when placed inside this slim elongated pathway. This
made the delineation of anatomy difficult.
Computed Tomography
CT angiograms provided sufficient radiographic
information to compute approximations for surface area
and volume of the exposures. The volume calculations
utilized the boundaries experienced in the surgical dis-
sections to estimate the amount of bone removal. This
allowed a quantitative comparison of the amount of
exposure created.
Table I analyzes bone removal of both the transcho-
chlear and EEA. The transchochlear, with large removal
Fig. 6. An example of how the surface area was calculated for the endonasal endoscopic approach. The coronal and sagittal views of a
computed tomography angiogram illustrating the measurements utilized to create the surface area. The three-dimensional volume rendering
demonstrates the area that was evaluated. The green lines denote the boundaries of the computation. OsiriX software was used to gener-
ate the images and measurements for the analysis. [Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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of the petrous temporal bone, measured roughly three
times the bone removal compared with the EEA. Surface
area is analyzed in Table II, and measurements show
nearly equivalent exposures of the posterior cranial fossa.
DISCUSSION
Lesions in the petroclival region have most com-
monly been treated with an open approach requiring
varied amounts of temporal bone resection. Methods
employed include the retrosigmoid, transcochlear, and
translabyrinthine, among others.16,17 The transcochlear
approach starts by dissecting through the internal audi-
tory canal and the vestibular apparatus, both of which
typically obstruct the surgeon’s field. For further antero-
medial exposure, CN VII is skeletonized from the stylo-
mastoid foramen to its labyrinthine segment and is
transposed posteriorly after dividing the geniculate gan-
glion. This exposes the cochlea and petrous apex, which
are drilled out. Control of the vertical and horizontal
petrous carotid arteries can then be achieved. After suf-
ficient bone removal, the posterior fossa dura can be
excised. In our experience, working around CN VII and
VIII can be a challenge, and it is very easy to compro-
mise the facial nerve. This technique, however, provides
a significant corridor when compared to other petrosal
approaches, but it comes with the price of total hearing
loss and a certain degree of facial nerve palsy related to
posterior transposition in 100% of cases.18
Open approaches come with a substantial degree of
morbidity and mortality.7 This has driven research aim-
ing to improve outcomes in skull base surgery. Internal
visualization has vastly improved with the advent of the
endoscope, and technology has steadily advanced.10,13
Typically, a more destructive approach offers the largest
surgical field.19 The transcochlear approach to the petro-
clival region offers sufficient access with the cost of total
hearing loss and facial nerve deficits. Access through the
nose allows for a natural corridor with less tissue
destruction and can overcome limitations associated
with traditional petroclival surgery.
Volumetric analysis in transcochlear bone removal
averaged roughly three times that of the endonasal
approach. The measured total surface area exposed was
Fig. 7. (A) Three-dimensional (3D) reconstruction of the virtual endonasal dissection with removal of the nasal septum, sphenoid sinus/bone,
and clivus. This illustrates the relationships of the vascular anatomy. (B) 3D reconstruction of the virtual dissection of the temporal bone illus-
trating the relationships of the vascular anatomy. AICA5anterior inferior cerebellar artery; BA5basilar artery; ECA5external carotid artery;
ICA5 internal carotid artery; IJV5 internal jugular vein; JB5 jugular bulb; SS5 sphenoid sinus; TS5 transverse sinus; VA5 vertebral artery.
[Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
TABLE I.
Clival and Transcochlear Virtual Dissection Volumes.
Anatomical Location Sex Average Volume, cm3 SD, cm3 95% Confidence Interval Range, cm3 95% Confidence Interval
Clivus Male 6.36 1.64 5.71 to 7.02 0.656
Female 5.64 1.46 5.06 to 6.23 0.586
Temporal bone Male 17.42 1.72 16.73 to 18.12 0.689
Female 16.50 2.09 15.67 to 17.34 0.836
SD5 standard deviation.
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roughly equivalent to that exposed by the EEA. Along
with total hearing loss as well as facial nerve palsy that
improves to a House-Brackmann grade 3 in the best
case scenario,15 this reinforces the notion that the trans-
cochlear is an overall more invasive approach. A larger
sample size and implementation of methods to increase
interobserver reliability could yield more concrete data.
The cosmetic impact of surgery is also substantially
minimized with the EEA. The mastoidectomy involved
with a transcochlear approach results in cosmetic defi-
cits. A wide skin flap is necessary to access the mastoid
process, and techniques of bone and skin reconstruction
must be employed correctly or defects, such as low-set
ears, may be acquired.20,21 Endonasal surgical access
with the endoscope results in no external skin excisions
or facial bone flaps, leaving the effects of surgery inside
the nasal cavity.10 Although the EEA provides advan-
tages, there are certain technical drawbacks. There is
sinonasal destruction, which can lead to significant
crusting, closure of the defect is challenging, and there
is potentially an increased risk of cerebrospinal fluid
(CSF) leak; but most importantly, management of vascu-
lar injuries is more challenging and requires significant
training. It is important to note that for an endonasal
transclival approach to be an adequate option, the tumor
needs to be largely located against the clivus with the
basilar and vertebral arteries posterior to it. Those
tumors in which the brainstem and/or the basilar artery
are between the tumor and the clivus are not good can-
didates for an endonasal access.
The limit of the transcochlear approach is the infe-
rior petrosal sinus. Although further drilling of the cli-
vus can be performed if staying below Dorello’s canal, on
lesions medial to this point, the EEA provides a clear
visual advantage. Conversely, endonasal access becomes
more difficult as the dissection continues laterally. The
paraclival internal carotid artery and Meckel’s cave pre-
vent direct anterior access and must be circumvented.
The dissection of lower cranial nerves was more poste-
rior and caudal and beyond the reach of traditional
instruments, making the lateral approach advantageous.
Improvements in current instrumentation may reduce
this limitation in the future.
Using current techniques, the transcochlear and
the EEA are limited in options for reconstruction. Both
come with the risk of CSF leak if surgical lesions are not
reconstructed properly.22,23 Watertight closure of dural
defects involved with transcochlear approaches are
never achieved. Current methods include packing a fat
graft in the corridor to plug the dural defect and mastoi-
dectomy cavity with careful plugging of the eustachian
tube. However, this can produce compression of CN VII,
and if CSF leaks do occur they provide conditions for
infection and meningitis.22,24 With the EEA, reconstruc-
tion techniques have improved the occurrence and man-
agement of CSF leaks. The pedicled nasoseptal flap is
preferred for the closure of the surgical corridor in the
majority of cases, although sufficient planning must be
employed to preserve the flap. If the nasoseptal flap is
compromised, other flaps, such as the temporoparietal
fascia or palatal flap, may be considered. The use of a
flap with local vascular supply promotes healing and
provides an effective barrier to CSF leak and infec-
tion.25,26 Techniques that reduce complications and
improve ease of use will further advance the utilization
of the endoscope in skull base surgery.
At this point there are a number of variables to con-
sider when choosing an approach to a petroclival lesion.
A lesion medial to the inferior petrosal sinus could indi-
cate removal via endoscopy provided the lesion is in con-
tact with the clival bone and anterior to the
neurovascular structures, lessening the iatrogenic
impact of surgery. However, the endoscope would be lim-
ited with a tumor located more laterally. If the location
alone is insufficient to make a decision, other factors
may come into play. Surgeon experience with each tech-
nique is always an important consideration. As the EEA
is a relatively new technique, adequate experience is
required. Also, the desire for a better cosmetic outcome
could come in to play when making a decision on an
approach, but this should be secondary to patient safety.
Our data do show greater invasiveness with the transco-
chlear approach, yet it provides excellent surgical
manipulation within the lateral cerebellopontine angle
with a very large surgical window. In essence, both tech-
niques have their own advantages, and it is beneficial to
have expertise with both techniques within the skull
base surgery team repertoire.
CONCLUSION
Use of the EEA to lesions at the petroclival region
is a suitable approach and compares well with the trans-
cochlear approach. Iatrogenic patient deficits such as the
destruction of hearing and facial palsy could be avoided
with a potentially less invasive surgical corridor. Patient
TABLE II.
Clival and Transcochlear Virtual Dissection Surface Area Exposure of the Posterior Cranial Fossa (n548).
Anatomical Location Sex Average Surface Area, cm2 SD, cm2 95% Confidence Interval Range, cm2 95% Confidence Interval
Clivus Male 5.92 0.87 5.48 to 6.36 0.439
Female 5.02 1.05 4.49 to 5.55 0.530
Temporal bone Male 6.40 1.00 5.92 to 6.87 0.475
Female 5.56 1.08 5.02 to 6.12 0.544
SD5 standard deviation.
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selection is paramount. With continued understanding of
endoscopic techniques and advanced technology, the
EEA has become an indispensable component of skull
base surgery.
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Section 5 – Complication Management  
 
Introduction 
In endoscopic approaches, the long narrow corridor removes the surgeon from the field of 
operation. Even though this separation allows a minimized surgical approach it limits the 
ability to manage arterial complications. The research included in this section examines 
the repair of arterial ruptures in endoscopic surgery  
Endoscopic repair of an injured carotid artery utilizing femoral endovascular 
closure devices. 
 
Van Rompaey J, Bowers G, Radhakrishnan J, Panizza B, Solares C. 
Laryngoscope 2013, October. [Epub ahead of print] 
 
Publication Summary 
Carotid rupture in endonasal endoscopic surgery is a feared complication. The patient can 
quickly exsanguinate and management of the rupture is technically difficult.  Femoral 
endovascular closure devices are designed to close an arteriotomy remotely. The 
application of this technology could have endoscopic applications since a remote closure 
is also required. This research outlines the possibility of utilizing femoral endovascular 
closure devices  
Candidates Contribution 
The majority of data collection, analysis and preparation of the manuscript were performed 
by myself.  
Significance of Work 
The traditional management of carotid artery rupture in endoscopic surgery would be to 
tamponade the rupture and then clip and ligate if the bleeding could not be contained. A 
method of quickly repairing a ruptured artery that would not interfere with blood flow to the 
brain could be of great benefit to the patient reducing long-term deficits from anoxic 
injuries to the brain.  
The Laryngoscope
VC 2013 The American Laryngological,
Rhinological and Otological Society, Inc.
Endoscopic Repair of an Injured Internal Carotid Artery Utilizing
Femoral Endovascular Closure Devices
Jason Van Rompaey, MD; Greg Bowers, MD; Jay Radhakrishnan, MD;
Benedict Panizza, MBBS; C. Arturo Solares, MD
Objectives/Hypothesis: Injury to the internal carotid artery is a feared complication of endoscopic endonasal surgery
of the skull base. Such an event, although rare, is associated with high morbidity and mortality. Even if bleeding is controlled,
permanent neurological defects frequently persist. Many techniques have been developed to manage internal carotid artery
rupture with varying degrees of success. The purpose of this study was to explore endoscopic management of arterial dam-
age with endovascular closure devices used for a femoral arteriotomy. The ability to remotely suture a damaged artery per-
mits the possible adaptation of this technology in managing endoscopic arterial complications.
Study Design: Technical note.
Methods: After the creation of an endoscopic endonasal corridor in a cadaveric specimen, an arteriotomy was created
at the cavernous portion of the internal carotid artery. The Angio-Seal, StarClose, and MynxGrip vascular closure devices were
utilized under endoscopic guidance to repair the arteriotomy. Angiography was then done on a cadaver sutured with the
StarClose.
Results: Both the Angio-Seal and StarClose were deployed quickly and appeared to provide sufficient closure of the arte-
riotomy. The Angio-Seal required the use of a guidewire and was longer to deploy when compared with the StarClose. The
StarClose deployment was quick and facile. The MynxGrip also deployed without difficulty.
Conclusions: The Angio-Seal and StarClose systems were both successfully deployed utilizing an endoscopic endonasal
approach. The MynxGrip was the easiest to deploy and has the greatest potential to be of benefit in this application. Further
studies with hemodynamic models are required to properly assess the appropriateness in this setting.
Key Words: Arteriotomy, endonasal, endovascular, internal carotid artery rupture, parasellar.
Level of Evidence: NA
Laryngoscope, 00:000–000, 2013
INTRODUCTION
The concentration of vital anatomy in the skull
base has made accessing pathology to this region a chal-
lenge.1 Even though skull base tumors are relatively
rare,2 certain clinical conditions necessitate surgical
intervention. The required removal of the appropriate
pathology has compelled the development of surgical
technology to create adequate surgical corridors. The
challenge has been to create a surgical approach that
creates the least iatrogenic damage while adequately
permitting visual and functional capabilities.
The possibility of serious morbidity and mortality
from these procedures provided the impetus for alter-
nate methods of accessing the skull base. With the
advent of endoscopic techniques, the skull base can now
be accessed intranasally. In some cases this has elimi-
nated the need for a massive lateral resection and cra-
niotomies.3 Initially the endoscopic endonasal approach
was particularly suited to surgery involving the pitui-
tary. However, as technology and surgeon experience
continued to develop, surgical corridors utilizing an
endonasal approach began to spread laterally.4
With the access of the parasellar region came the
possibility of damaging the vital structures of this area.
Even though it occurs rarely, operating around the
carotid artery has created the possibility of its rupture.5
Damage to the carotid is a feared complication as bleed-
ing is profuse and life threatening.6–8 It is also difficult
to control the bleeding, and the visual field becomes
quickly obscured. The drawback of a minimally inva-
sive procedure is that it is minimally accessible.
Unfortunately, the ability to repair the artery is limited
by the long narrow surgical corridor. If the rupture of
this vital artery occurs, then the ability to control the
bleeding is limited. The size of the arterial damage
would determine its treatment. Placing pressure could
control a small rupture. However, if the arteriotomy
was severe, then suturing would be required. In
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endonasal surgery, the small deep corridor eliminates
this possibility.
Mechanically closing a carotid arteriotomy is prefer-
able considering that this vessel is a high-pressure,
high-flow artery supplying the sensitive neural tissue.
Ideally, the operating surgeon would need to perform the
repair quickly and easily. An arteriotomy-closure device
deployed remotely preventing the widening of the surgi-
cal corridor or the conversion to an open procedure
would be ideal. This device would facilitate quick repair,
restoring normal blood flow through the damaged artery
and thereby preventing exsanguination or the symptoms
of stroke that occur from prolonged occlusion of this
major artery.
Femoral arteriotomy closure devices used in inter-
ventional procedures could be a possible solution to
quickly and remotely repair the ruptured carotid. These
closure devices are uniquely suited because they are
designed to repair a high-pressure vessel remotely. They
function through a very small surgical corridor, known
as a puncture site, and remotely seal the injured vessel.
This eliminates the need to apply pressure to the dam-
aged artery. It also eliminates the need to surgically
open to expose the artery to seal the damaged vessel.
Similar conditions exist in endonasal work, a narrow
surgical corridor, and in the case of a damaged carotid
artery, the need to remotely close the artery without
occlusion or converting to an open procedure.
This study evaluates the feasibility of applying
technology used in the closure of femoral arteriotomies
to sealing damaged carotid arteries in endoscopic endo-
nasal surgery. The purpose of this study was to evaluate
if it is possible to deploy the device intranasally and to
evaluate if it warrants further study as a possible solu-
tion to a ruptured carotid artery.
MATERIALS AND METHODS
A total of three male cadaveric specimens were utilized.
Two were prepared according to the guidelines set out by Sanan
et al.9 Arterial and venous vasculatures were delineated by red
and blue latex, respectively. The heads were preserved in an
alcohol-based solution. One cadaver was not injected with latex.
The cadavers were prepared utilizing an endonasal endo-
scopic approach. Dissection was assisted by instrumentation
traditionally used for functional endoscopic sinus surgery. The
dissection then proceeded laterally to expose the cavernous por-
tion of the carotid artery.
Once the artery was sufficiently exposed, an arteriotomy
was performed to simulate a rupture of the carotid artery. The
Angio-Seal device (St. Jude Medical, St Paul, MN) was used
first to seal the arteriotomy. A guidewire was passed through
the arteriotomy. The tip of the Angio-Seal deployment device
was then bent at the tip. This allowed a facile entry into the
lumen of the artery. The Angio-Seal was then deployed.
Similarly, for the deployment of the StarClose device
(Abbott Laboratories, Abbott, IL), another arteriotomy was
made in the cavernous portion of the internal carotid. The
guidewire was not used for deployment. The StarClose comes
with an accompanying sheath and was bent slightly at the tip.
This allowed facile penetration into the arteriotomy. The Star-
Close deployment device was then inserted and deployed.
The StarClose was also deployed in a cadaver that was
prepared without latex. Cerebral angiography performed in an
angio suite equipped with biplanar fluoroscopy. Sagittal and
coronal, digitally subtracted sequences were obtained with hand
contrast injection.
The MynxGrip vascular closure device (AccessClosure,
Mountain View, CA) was passed through a similar arteriotomy.
The balloon tip was inflated and then retracted to apply back-
pressure and temporarily close the injury. Following the manu-
facturer’s instructions for deployment, the polyethylene glycol
sealant was applied. A guidewire was not used for this
application.
To assess the efficiency of the device placement, a stop-
watch was utilized to time deployment. The results were then
tabulated.
RESULTS
All three devices were successfully deployed in the
setting of the endoscopic endonasal corridor. Angio-Seal
and StarClose both appeared to have created a tight clo-
sure of the arteriotomy. The soft flexible nature of the
Angio-Seal catheter tip made it difficult to insert into
the arteriotomy without the use of a guidewire. The
Angio-Seal also took longer to deploy (Table T1I) partly for
TABLE I.
Time of Closure-Device Deployment in the Parasellar Internal
Carotid Arteriotomy in the Cadaveric Specimens.AQ4
Femoral
Arteriotomy
Closure Device
No. of
Deployments
Average Length
of Time to
Deploy, s SD, s
95%
Confidence
Interval, s
Angio-Seal 3 115 6.8 107–123
StarClose 6 53 15.8 40–66
MynxGrip 4 37 11.5 47–70
Placement utilized endoscopic endonasal guidance.
SD5 standard deviation.
Fig. 1. Endoscopic endonasal view of the insertion of the deploy-
ment device of the Angio-Seal in the parasellar internal carotid
artery. The trigeminal nerve is also shown. ICA5 internal carotid
artery; V15ophthalmic nerve; V25maxillary nerve;
V35mandibular nerve. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]
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this reason, and because it required additional steps for
deployment (Figs.F1 1,F2 2, and3 3). The StarClose device,
however, did not require a guidewire for deployment.
The sheath that accompanied the device was sufficiently
rigid to allow easy introduction into the arteriotomy. The
StarClose has an intuitive numbered guide for deploy-
ment on the device. This facilitated a quick placement
(Table I) of the nitinol suture (Figs.F4 4,F5 5, and6 6).
The angiography showed a small leak at the center
of the StarClose nitinol suture. The leak was most prom-
inent at higher pressure (Figs.F7 7 andF8 8). It is difficult to
assess the exact size of the leak, because angiography
does not provide accurate measurements of size and dis-
tance. However, it was significantly smaller than the 6
Fr (2 mm) hole created by the insertion of the arteriot-
omy device. The diameter of a male internal carotid
artery (ICA) is usually between 5.11 and 6.52 mm.10 The
arteriotomy was approximately 30% the size of the diam-
eter of the ICA.
The MynxGrip has a polyethylene glycol sealant
that deployed quickly and easily. It appeared to have
covered the arteriotomy (Figs. F99 and F1010); however, the
sealant requires body temperature, pH level, and blood
to create an adequate seal. These conditions were
beyond the possibility of this model.
DISCUSSION
The cavernous portion of the internal carotid has a
close proximity to the sella.11 It is for this reason that it
Fig. 2. Deployment of the Angio-Seal device. V25maxillary nerve;
V35mandibular nerve. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]
Fig. 3. The Angio-Seal device deployed. ICA5 internal carotid
artery; V25maxillary nerve; V35mandibular nerve. [Color figure
can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
Fig. 4. Endoscopic endonasal view of the arteriotomy placement
for the StarClose device in the parasellar internal carotid artery.
The trigeminal nerve is also shown. ICA5 internal carotid artery;
V15ophthalmic nerve; V25maxillary nerve; V35mandibular
nerve. [Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]
Fig. 5. Insertion of the deployment device of the StarClose device.
ICA5 internal carotid artery; V15ophthalmic nerve; V25maxillary
nerve. [Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]
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is placed at risk for injury during endoscopic endonasal
surgery of the skull base. The close proximity and the
utilization of drills and microdissection instruments
increase the risk of damage. Identification of the inter-
nal carotid and optic nerve are essential when operating
in the cavernous region. The posterior wall of the sphe-
noid sinus has the optic and carotid prominences. How-
ever, there can commonly be a flat sella where no such
landmarks are discernable.12 This can also be compli-
cated by septations in the sphenoid sinus, which also
distort the landmarks. Additionally, the bone covering
the carotid can be of varied thickness and sometimes
nonexistent AQ2.12 The posterior wall of the sphenoid bone
Fig. 6. The StarClose device deployed. ICA5 internal carotid
artery; V15ophthalmic nerve; V25maxillary nerve;
V35mandibular nerve. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]
Fig. 7. Coronal angiography with digital subtraction. The yellow
circle indicates the placement location of the StarClose nitinol
suture as well as the leak when contrast was injected.
Fig. 8. Sagittal angiography with digital subtraction. The yellow
circle indicates the placement location of the StarClose nitinol
suture as well as the leak when contrast was injected.
Fig. 9. Endoscopic endonasal view of the deployment for the
MynxGrip device in the parasellar internal carotid artery (ICA).
[Color figure can be viewed in the online issue, which is available
at wileyonlinelibrary.com.]
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should not be considered sufficient protection of the
carotid and optic nerve.
Despite these concerns, rupture of the carotid
occurs quite infrequently.5 There are certain risk factors
that seem to predispose a patient to rupture. A tumor
that is adherent to the ICA makes extirpation a higher
risk. Endocrine patients on extended dopamine agonists
are also more at risk.7 Acromegaly patients tend to have
tortuous ectatic ICAs, which makes surgery of the skull
base more difficult. Surgical revisions of the skull base
also tend to have a higher increase of carotid rupture.5
With the increase of skull base surgery utilizing a
transsphenoidal approach and the extension into lateral
corridors, the risk of carotid injury cannot be ignored.
Rupture of the carotid can be devastating for the
patient. It is a high-pressure, high-flow vessel that
directly supplies the largest volume of neural tissue in
the body. The brain is a highly metabolic organ that
requires a constant supply of nutrients. Any interruption
to this supply, even momentarily, can result in damage.
This potentially leaves the patient with long-term defi-
cits. Blood flow interruption for an extended period can
also result in death. A damaged carotid can have a high
flow of blood loss and also carries the risk of
exsanguinationAQ3 .5,6,8
The increased loss of blood creates a challenge,
because the small surgical corridor can quickly become
filled with blood. This hinders the location of the rupture
and its repair. Suction becomes essential in this situa-
tion to maintain an unobscured view.6 Proximal control
and hypotension help to slow blood flow and lessen the
amount of blood exuding from the damaged artery. Once
the bleeding has slowed and the damaged artery can be
adequately visualized, the surgeon can direct his atten-
tion to repairing the artery with several options. In open
surgery, the artery would be sutured by hand to create
an adequate seal. However, the narrow and deep corri-
dor in endonasal surgery prevents this from being an
option.
In neurovascular surgery, small-caliber vessel liga-
tion can be performed with the use of bipolar electrocau-
tery.13 Rebleeding is always a possibility that could
potentially lead to death and stroke.5,6 Ligated stumps
remain under high pressure, increasing the probability
of rebleeding. When larger vessels, such as the ICA, are
involved this risk is even higher. Small arteriotomies
can still be managed with bipolar electrocautery. Pack-
ing and placing adequate pressure has the potential to
stop the bleeding. However, applying enough pressure to
stop the bleeding can lead to complete occlusion of the
artery.5,6,8 Thus, despite stopping bleeding, the same
complications of exsanguination occur as a result of
reduced blood flow to the brain. Applying pressure can
lead to pseudoaneurysm formation, especially following
endovascular recanalization.14,15
Current alternatives for repair include using a
crushed muscle patch, applying U-clip anastomotic devi-
ces, and shredded teflon.5,8 Endovascular treatment by
an interventional radiologist can be a potential solution.8
Placement of a covered stent or embolization is an option
utilizing this modality. However, a covered stent works
best when the vessel is straight. The tortuous path of
the carotid through the skull base limits this applica-
tion. Another limitation of endovascular treatment is the
time delay of setting up and transferring a patient to an
angio suite.
An arterial bleed during an endoscopic procedure
can be a tense and stressful experience for the operating
surgeon, and currently, available strategies are not opti-
mal. Ideally, a device that is intuitive to operate, so that
little training is required for its operation, and one that
can remotely seal the artery through a long, narrow cor-
ridor would significantly improve the management of
such a situation. This device would also have to create
an effective enough seal to withstand the high pressure
and high flow of a major vessel. Femoral closure devices
are uniquely designed to fit these criteria. This could
facilitate their use during operative conditions. Adequate
control of the surgical field would be required prior to
repair of the endoscopic arteriotomy. This could be
achieved with adequate high-flow, high-gauge suction in
the traditional two-surgeon four-hand technique, allow-
ing adequate visualization needed for quick placement of
the femoral closure device. Another option is proximal
control of the artery through surgical means or via man-
ual pressure. This permits decreased flow through the
artery, also allowing greater visualization with added
benefit of slowed exsanguination.
The use of the blood pressure control could also be
employed; however, the current literature recommends
maintaining a normotensive state in carotid artery
injury management.5,16 A hypotensive state has the pos-
sibility of decreased cerebral perfusion, and adequate
resuscitation is recommended. However, there is the pos-
sibility of utilizing adenosine for temporarily lowering
Fig. 10. The MynxGrip device deployed. ICA5 internal carotid
artery. [Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]
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blood pressure. This technique has been well document
for tension reduction of an intracranial aneurysm during
repair.17,18
The Angio-Seal device deployed quickly and easily.
However, it was somewhat cumbersome when compared
to utilizing the StarClose system. The Angio-Seal had a
soft sheath that made placement into the arteriotomy
difficult. This necessitated the use of a guidewire to
direct the device into its proper placement. Once it was
deployed, it created the appearance of a tight seal. The
advantage of the Angio-Seal is that the suture dissolves
over a period of 90 days postprocedure. This lessens the
overall invasiveness of the procedure and returns the
anatomy to a more natural state. The suture does have
a bioabsorbable anchor that is retained endovascularly.
In the small lumen of the ICA, this could cause turbu-
lent flow, and the patient may require heparinization.
An alternative would be to make the bioabsorbable
anchor of a smaller diameter.
The StarClose system has a numbered set of but-
tons located on the device that facilitated easy deploy-
ment. Its applicator sheath was flexible, but it did not
require the use of a guidewire. This decreased the time
of deployment. The StarClose utilizes a circular nitinol
staple and creates a purse string type suture closing the
arteriotomy. Unlike the Angio-Seal, no part of the device
remains endovascular. Another difference is that the
StarClose remains permanent.
The sealing ability of closure devices for a femoral
arteriotomy has been well documented.19 However, the
ability of these devices to create an adequate seal in an
endonasal approach, to our knowledge, has never been
tested. Because our study was done in a cadaveric
model, angiography was used as a method for verifica-
tion of an adequate seal. There was only one cadaver
available for angiography, and it was felt that the Star-
Close device would be most suited for testing. The Star-
Close was chosen over the MynxGrip, which requires
body temperature to create an adequate seal, and the
Angio-Seal, which was more complicated to deploy.
Biplanar angiography of the deployed StarClose
showed that the majority of the 2-mm opening was
sealed. The small leak, evident in Figures 7 and 8, is
much smaller than the arteriotomy created. The usual
diameter of a carotid artery is approximately 5 to 6 mm.
This would mean if the seal completely failed, the angi-
ography would then show a leak approximately 30% the
size of the carotid artery. The leak is barely visible, indi-
cating that its diameter is considerably smaller than the
diameter of the injury. Unfortunately, an accurate mea-
surement is limited by the constraints of the angio-
graphic imaging. The pressure within the arterial
system was not monitored and was difficult to assess if
it correctly replicated normal blood pressure. It could
have been possible that the pressure was greater than
normal, making the leak exaggerated. Perhaps an
adequate seal could have been created in a live model,
where clotting mechanisms and viable tissue are pres-
ent. Also, in vital tissue the remaining fissure could
have been small enough for mild pressure to complete
an ample seal. Another limit to the cadaver model for
angiography is the denatured quality of the tissue. This
limits the simulation of a vital response to repair of an
arteriotomy. Also, the cadaver used was several months
old, underscoring problems with overall tissue integrity.
The MynxGrip utilizes a polyethylene glycol sealant
that actively adheres to the artery wall. The sealant is
completely reabsorbed within 30 days after deployment.
This is shorter than the Angio-Seal, which degrades
within 60 to 90 days, and the MynxGrip is extravascu-
lar, so there is no bioabsorbable anchor to create turbu-
lent flow in the artery. The StarClose system leaves
hardware behind, which makes it less advantageous
than the MynxGrip. Of the three devices, the MynxGrip
was the simplest to deploy. For these reasons the Mynx-
Grip has the greatest potential to be of use in this
application.
In the deployment of the endovascular closure
device in a femoral arteriotomy, a natural packing of fas-
cia adipose tissue covered with the integument helps
place pressure over the suture. The surgical deployment
of the same devices may also require packing to help
reduce blood flow for a solid clot to form. Packing could
be placed firmly, but would not need to be occlusive.
Having an effective systematic approach to carotid rup-
ture would give a surgeon additional confidence to oper-
ate in this region. It would permit the exploration of
pathology that perhaps were thought of as inoperable.
This may give some hope for patients with difficult
pathology.
This study is only a preliminary feasibility study to
verify that these devices could be deployed with appa-
rent effectiveness in an endonasal surgical corridor. The
successful deployment of these devices does warrant the
possibility of continued study. Further study would need
to be conducted in animal models or perhaps another
cadaveric study utilizing angiography for verification of
sufficient arteriotomy closure.
It is important to mention that having an adequate
remotely deployed suture device does not replace
adequate prevention of damage. Skull base anatomy is
densely packed with critical neurovascular structures.
Adequate preparation with appropriate imaging and
assistance when appropriate with neuro-navigation are
essential to successful surgery. Skill, experience, and
training of the surgeon can never be understated.
CONCLUSION
The Angio-Seal, StarClose, and MynxGrip devices
were successfully deployed utilizing an endoscopic endo-
nasal approach. They appeared to have adequately
closed the arteriotomy. However, a true assessment of
adequate closure needs to be undertaken in a hemody-
namic model. The MynxGrip device appeared to have
greater potential to be adapted to endoscopic use. It has
a flexible applicator, does not require the use of a guide-
wire, and was facile to deploy. These factors decreased
the time of deployment, which is critical with carotid
artery rupture. Further studies are required for a thor-
ough assessment of the potential of femoral arteriotomy
closure devices in endoscopic surgery.
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Conclusion 
 
The development of new technology had sparked the evolution of surgical technique. 
Improvements in microscopic technology allowed for the development of open approaches 
to the skull base. These allowed clear, true optic visualization of neurovascular anatomy in 
three dimensions. It used a larger surgical field that limited obscuration of view when 
complications occurred. They are also less surgically complex. However they do require 
greater cranio-facial resection and brain manipulation, which can result in longer recovery 
times and increased post-operative complications. 
 
Endoscopic approaches allow for a smaller surgical window. This prevents drawbacks of 
an open approach and limits cosmetic concerns. However the smaller window can make 
the management of complications difficult. The surgical approach is complex and a longer, 
multi-staged surgery is required in certain cases.  
 
Surgical approach to the skull base is a field that continues to evolve as new technology 
becomes available. An area that is in current development and requires future research is 
robotics. Robotics is currently used in head and neck surgical oncology and has the ability 
to operate at an angle, which is not possible utilizing traditional technique. Robotics has 
been implemented in tumours located at the base of the tongue where the ability to 
operate at an angle reduces the size of the surgical corridor21. The size of the robotic 
instrumentation currently limits its use for endonasal applications. However as the 
technology continues to become miniaturized it could become more appropriate for skull 
base applications.  
 
The development of the 3D endoscope is another area that warrants future study. Current 
2D endoscopes can misrepresent the anatomy, as the landmark of depth is lost. It can be 
difficult to ascertain the anterior-posterior distance. Currently this has been overcome by 
moving the endoscope within the surgical field to generate a sense of depth. The logical 
next step is to utilize 3D technology. However current limitations prevent its wide 
acceptance and use. The 3D endoscope is only in standard definition and the picture 
quality is inferior when compared to current HD 2D endoscopes.  HD 3D endoscopes are 
currently too large for current endonasal applications. As the technology continues to be 
miniaturized it will become more appropriate for skull base applications. 
 
 69 
The research projects undertaken in this course of study were intended to illustrate the 
possibility of extending endoscopic surgery beyond the midline of the skull base. Each of 
the dissections were undertaken utilizing appropriate surgical technique to simulate the 
degree of exposure that can be achieved in a real case. This has shown what can be 
possible utilizing endonasal and transmaxillary approaches to the skull base. The 
photographic evidence provides unique views of the anatomy. The illustrations of the 
anatomic relationships are useful to surgeons as it delineates the critical neurovascular 
structures. This has the potential for decreasing accidental transection of these structures. 
The objective data utilizing the CT scans gives the surgeon an estimate as to how much 
exposure can be created utilizing these novel approaches. This becomes an important tool 
in pre-surgical planning when deciding the most appropriate surgical corridor. The 
measurements give an idea of the location of the anatomy in relation to important 
landmarks. This becomes important, especially when the anatomical relationships are 
difficult to ascertain in certain cases. The volume measurements also provide an idea of 
how much tissue removal could occur. This provides important information operatively and 
gives the surgeon an estimation of the degree of exposure. This could also provide 
information to be used during the surgical reconstruction phase of treatment.  
 
The overall goal of the research is to provide improvements in patient outcomes. Utilizing a 
minimized surgical approach limits iatrogenic damage, which in turn, lessens the morbidity 
and mortality of patients.  Skull base anatomy is complex and a better understanding of 
alternative approaches as well as the anatomical relationships enhances the surgeon’s 
armamentarium. Having multiple options to tumour resection increase the ability to achieve 
oncologic goals with minimal morbidity and mortality. Tumour location and extent, as well 
as the skills and training of the surgeon, are the ultimate determinants when choosing the 
best surgical approach. Expanded endoscopic approaches are anatomically feasible. The 
morbidity associated with an open approach could possibly be avoided, improving patient 
outcomes. Further understanding of the endoscopic anatomy can allow for advances in 
surgery with improved safety and efficacy.  
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